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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To efficiently heat and 
humidify a fuel cell stack to reduce the start time of a fuel 
cell system, when starting the fuel cell system. 
SOLUTION: This fuel cell system provided with a control 
part 18, a fuel cell stack 3, and current regulation parts 12 
and 13 is used. The cell stack 3 is fed with an oxidation gas 
and a fuel gas. The regulation parts 12 and 13 are 
electrically connected to the cell stack 3. The control part 
18 controls the regulation parts 12 and 13 so as to carry a 
stack current to the cell stack 3 when the cell stack 3 is 
heated. The stack current is a substantial constant current, 
or a stack current setting its ratio to the open circuit voltage 
of the cell stack 3 at a preset value. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]The 1st fuel gas flow control section which controls a flow of the 1st fuel gas as fuel gas 
supplied to the anode side of a control section, a fuel cell stack, and said fuel cell stack, The 2nd fuel 
gas flow control section which controls a flow of the 2nd fuel gas as said fuel gas supplied to the 
cathode side of said fuel cell stack, Provide the 1 st oxidizing gas flow control part which controls a 
flow of the 1st oxidizing gas as oxidizing gas supplied to said cathode side, and said control section, 
A fuel cell system which controls said amount control section of the 2nd fuel gas flow, and said 1st 
oxidizing gas flow control part to be supplied at a rate that said 2nd fuel gas and said 1st oxidizing 
gas were beforehand set to said cathode side when carrying out temperature up of said fuel cell stack. 

[Claim 2]The 1st fuel gas flow control section which controls a flow of the 1st fuel gas as fuel gas 
supplied to the anode side of a control section, a fuel cell stack, and said fuel cell stack, The 1st 
oxidizing gas flow control part which controls a flow of the 1st oxidizing gas as oxidizing gas 
supplied to the cathode side of said fuel cell stack, Provide the 2nd oxidizing gas flow control part 
which controls a flow of the 2nd oxidizing gas as said oxidizing gas supplied to said anode side, and 
said control section, A fuel cell system which controls said amount control section of the 1st fuel gas 
flow, and said 2nd oxidizing gas flow control part so that said anode side is supplied at a rate that 
said 1st fuel gas and said 2nd oxidizing gas were set up beforehand, when carrying out temperature 
up of said fuel cell stack. 

[Claim 3]The fuel cell system according to claim 1 or 2 which controls said heating unit to perform 
said heating when a heating unit which heats water which flows through inside of said fuel cell stack 
is provided further and said control section carries out temperature up of said fuel cell stack. 
[Claim 4] A starting method of a fuel cell system characterized by comprising the following. 
A step which supplies the 1st fuel gas as fuel gas to the anode side of a fuel cell stack. 
A step which supplies the 1st oxidizing gas as oxidizing gas to the cathode side of said fuel cell 
stack, and a step which supplies the 2nd fuel gas as said fuel gas to said cathode side when carrying 
out temperature up of said fuel cell stack. 

[Claim 5]A starting method of a fuel cell system characterized by comprising the following. 

A step which supplies the 1 st fuel gas as fuel gas to the anode side of a fuel cell stack. 

A step which supplies the 1 st oxidizing gas as oxidizing gas to the cathode side of said fuel cell 

stack, and a step which supplies the 2nd oxidizing gas as said oxidizing gas to said anode side when 

carrying out temperature up of said fuel cell stack. 

[Claim 6]A starting method of the fuel cell system according to claim 4 or 5 which possesses further 
a step which humidifies said 1st fuel gas and said 1st oxidizing gas before supply to said fuel cell 
stack. 

[Claim 7] A starting method of a fuel cell system characterized by comprising the following. 
A step which supplies pretreatment gas as gas dry as compared with oxidizing gas used for operation 
of said fuel cell stack to the cathode side of said fuel cell stack during a stop of power generation of a 
fuel cell stack. 

A step which supplies said oxidizing gas to said cathode side when carrying out temperature up of 



http://www4.ipdl. inpit.go.jp/cgi-bin/tranjweb 3/23/2010 



JP,2003-331892,A [CLAIMS] 



Page 2 of 2 



said fuel cell stack, and a step which supplies fuel gas to the anode side of said fuel cell stack by a 
pressure higher than a pressure of said oxidizing gas. 

[Claim 8]A starting method of a fuel cell system characterized by comprising the following. 
A step which supplies pretreatment gas as gas dry as compared with oxidizing gas used for operation 
of said fuel cell stack to the cathode side of said fuel cell stack during a stop of power generation of a 
fuel cell stack. 

A step which supplies fuel gas to the anode side of said fuel cell stack when carrying out temperature 
up of said fuel cell stack, and a step which supplies oxidizing gas to said cathode side by a pressure 
higher than a pressure of said fuel gas. 

[Claim 9]A starting method possessing a step which supplies said pretreatment gas which is drying a 
step which supplies pretreatment gas instead of said oxidizing gas to said anode side instead of said 
cathode side during a stop of said power generation as compared with said fuel gas of the fuel cell 
system according to claim 7 or 8. 

[Claim 10] A starting method of the fuel cell system according to any one of claims 4 to 9 which 
heats water which flows through inside of said fuel cell stack, and possesses further a step supplied 
to said fuel cell stack. 

[Claim 1 1]A step which supplies the 1st fuel gas as fuel gas to the anode side of a fuel cell stack, A 
step which supplies the 1st oxidizing gas as oxidizing gas to the cathode side of said fuel cell stack, 
A program for making a computer perform a method of providing a step which supplies the 2nd fuel 
gas as said fuel gas to said cathode side, when carrying out temperature up of said foel cell stack. 
[Claim 12] A step which supplies the 1st fuel gas as fuel gas to the anode side of a fuel cell stack, A 
step which supplies the 1st oxidizing gas as oxidizing gas to the cathode side of said fuel cell stack, 
A program for making a computer perform a method of providing a step which supplies the 2nd 
oxidizing gas as said oxidizing gas to said anode side, when carrying out temperature up of said fuel 
cell stack. 

[Claim 13] A step which supplies pretreatment gas as gas dry as compared with oxidizing gas used 
for operation of said fuel cell stack to the cathode side of said fuel cell stack during a stop of power 
generation of a fuel cell stack, A program for making a computer perform a method of providing a 
step which supplies said oxidizing gas to said cathode side, and a step which supplies fliel gas to the 
anode side of said fuel cell stack by a pressure higher than a pressure of said oxidizing gas, when 
carrying out temperature up of said fuel cell stack. 

[Claim 14] A program characterized by comprising the following for making a computer perform a 
method. 

A step which supplies pretreatment gas as gas dry as compared with oxidizing gas used for operation 
of said fuel cell stack to the cathode side of said fuel cell stack during a stop of power generation of a 
fuel cell stack. 

A step which supplies fuel gas to the anode side of said fuel cell stack when carrying out temperature 
up of said fuel cell stack, and a step which supplies oxidizing gas to said cathode side by a pressure 
higher than a pressure of said fuel gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to the starting method of a fuel cell system 
and a fuel cell system which shortens the time concerning starting of a fuel cell stack about the 
starting method of a fuel cell system and a fuel cell system. 
[0002] 

[Description of the Prior Art] When supplying and generating fuel gas and oxidizing gas to a solid 
polymer type fuel cell stack, since the temperature of a fuel cell stack is low at the time of starting 
(ordinary temperature), sufficient output is not obtained. Since the temperature of that this has a low 
temperature of (1) electrode catalyst, and catalytic activity is low and (2) electrolyte membranes is 
low, Since the temperature of that resistance of an electrolyte membrane (ion-exchange membrane) 
is high and (3) fuel cell stacks is low, since a steam cannot condense, an electrolyte membrane 
cannot be reached and an electrolyte membrane cannot be humidified even if it supplies the gas (fuel 
gas and oxidizing gas) containing a steam, resistance of an electrolyte membrane is high — it is based 
on the Reason of **. 

[0003]As a warm up procedure at the time of starting of a fuel cell stack, The cooling water which 
circulates the inside of a fuel cell stack in order to miss the heat generated in a fuel cell stack at the 
time of power generation is heated by a predetermined method (illustration: form heating apparatus 
in the line of cooling water) at the time of starting, and the method of heating a fuel cell stack 
through a fuel cell stack is known in this. The method of humidifying an electrolyte membrane is 
known by humidifying and supplying oxidizing gas and fuel gas as a humidifying method. 
[0004]Cooling water flows through the inside of the passage established in the inside of the separator 
of a fuel cell stack. The heat of cooling water will warm a fuel cell cell, after warming a separator. 
Therefore, although the heat of cooling water is transmitted to a fuel cell cell, there is delay. 
Although fuel gas and oxidizing gas are also heated and supplied, since it is gas and quantity of heat 
is small, heating of a fuel cell stack takes time. Although an electrolyte membrane is humidified with 
the fuel gas and oxidizing gas which were humidified, since the temperature of a fuel cell stack is 
low, it is easy to condense a steam by the middle. Since porous carbon material was used for the 
polar zone and the whole electrolyte membrane surface is covered, time is taken for a steam to reach 
even an electrolyte membrane. 

[0005]It is expected that fuel cell stacks for vehicles will have the as much as possible short time 
from starting to operation. Art of shortening the warm-up time of a fuel cell system is desired. The 
art of shortening the cooking time of the fuel cell stack in a fuel cell system is searched for. The art 
of shortening the humidification time of the fuel cell cell in a fuel cell stack is searched for. 
[0006] 

[Problem(s) to be Solved by the Invention]Therefore, the purpose of this invention is to provide the 
starting method of the fuel cell system which can shorten the time concerning starting, and a fuel cell 
system. 

[0007] Other purposes of this invention are to provide the starting method of the fuel cell system 
which can shorten the cooking time of a fuel cell stack, and a fuel cell system. 

[0008]The purpose of further others of this invention is to provide the starting method of the fuel cell 
system which can shorten the humidification time of the fuel cell cell in a fuel cell stack, and a fuel 
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cell system. 
[0009] 

[Means for Solving the Problem]Below, The means for solving a technical problem is explained 
using the number and numerals used by [Embodiment of the Invention], These numbers and 
numerals are added with a parenthesis, in order to clarify the correspondence relation of a description 
and [Embodiment of the Invention] of [Claims]. However, don't use those numbers and numerals for 
the interpretation of technical scope of the invention indicated to [Claims]. 

[00 10] Therefore, in order to solve an aforementioned problem, the fuel cell system of this invention 
is provided with the following. 
Control section (1 8). 
Fuel cell stack (3). 

The 1st fuel gas flow control section (7). 

The 2nd fuel gas flow control section (8) and the 1st oxidizing gas flow control part (9). 

The 1st fuel gas flow control section (7) controls the flow of the 1st fuel gas (Q) as fuel gas supplied 

to the anode side of a fuel cell stack (3). The 2nd fuel gas flow control (8) part controls the flow of 

the 2nd fuel gas (Q') as the fuel gas supplied to the cathode side of a fuel cell stack (3). The 1st 

oxidizing gas flow control part (9) controls the flow of the 1st oxidizing gas (P) as oxidizing gas 

supplied to the cathode side. And when a control section (18) carries out temperature up of the fuel 

cell stack (3), it controls the amount control section of the 2nd fuel gas flow (8), and the 1st 

oxidizing gas flow control part (9) to be supplied at a rate that the 2nd fuel gas (Q') and the 1st 

oxidizing gas (P) were beforehand set to the cathode side. 

[001 1]A fuel cell system of this invention is provided with the following. 

Control section (18). 

Fuel cell stack (3). 

The 1st fuel gas flow control section (7). 

The 1st oxidizing gas flow control part (9) and the 2nd oxidizing gas flow control part (10). 
The 1st fuel gas flow control section (7) controls a flow of the 1st fuel gas (Q) as ftiel gas supplied to 
the anode side of a fuel cell stack (3). The 1st oxidizing gas flow control part (9) controls a flow of 
the 1st oxidizing gas (P) as oxidizing gas supplied to the cathode side of a fuel cell stack (3). The 
2nd oxidizing gas flow control part (10) controls a flow of the 2nd oxidizing gas (P 1 ) as the oxidizing 
gas supplied to the anode side. And when a control section (18) carries out temperature up of the fuel 
cell stack (3), it controls the amount control section of the 1st fuel gas flow (7), and the 2nd 
oxidizing gas flow control part (10) so that the anode side is supplied at a rate that the 1st fuel gas 
(Q) and the 2nd oxidizing gas (P') were set up beforehand. 

[00 12] A fuel cell system of this invention possesses further a heating unit (5) which heats water 
which flows through inside of a fuel cell stack (3). And when a control section (18) carries out 
temperature up of the fuel cell stack (3), it controls a heating unit (5) to perform the heating. 
[001 3] A starting method of a fuel cell system of this invention for solving an aforementioned 
problem is provided with the following. 

A step which supplies the 1st fuel gas (Q) as fuel gas to the anode side of a fuel cell stack (3). 
A step which supplies the 1st oxidizing gas (P) as oxidizing gas to the cathode side of a fuel cell 
stack (3). 

A step which supplies the 2nd fuel gas (Q') as the fuel gas to the cathode side when carrying out 
temperature up of the fuel cell stack (3). 

[00 14] A starting method of a fuel cell system of this invention is provided with the following. 
A step which supplies the 1st fuel gas (Q) as fuel gas to the anode side of a fuel cell stack (3). 
A step which supplies the 1st oxidizing gas (P) as oxidizing gas to the cathode side of a fuel cell 
stack (3). 

A step which supplies the 2nd oxidizing gas (P 1 ) as the oxidizing gas to the anode side when carrying 
out temperature up of the fuel cell stack (3). 

[00 15] A starting method of a fuel cell system of this invention possesses further a step which 
humidifies the 1st fuel gas (Q) and the 1st oxidizing gas (P), before supply to a fuel cell stack (3). 
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[00 16] A starting method of a fuel cell system of this invention is provided with the following. 
A step which supplies pretreatment gas as gas dry as compared with oxidizing gas (P) used for 
operation of a fuel cell stack (3) to the cathode side of a fuel cell stack (3) during a stop of power 
generation of a fuel cell stack (3). 

A step which supplies oxidizing gas (P) to the cathode side when carrying out temperature up of the 
fuel cell stack (3). 

A step which supplies fuel gas (Q) to the anode side of a fuel cell stack (3) by a pressure (Aj) higher 
than a pressure (A Q ) of oxidizing gas (P). 

[00 17] A starting method of a fuel cell system of this invention is provided with the following. 
A step which supplies pretreatment gas as gas dry as compared with oxidizing gas (P) used for 
operation of a fuel cell stack (3) to the cathode side of a fuel cell stack (3) during a stop of power 
generation of a fuel cell stack (3). 

A step which supplies fuel gas (Q) to the anode side of a fuel cell stack (3) when carrying out 
temperature up of the fuel cell stack (3). 

A step which supplies oxidizing gas (P) to the cathode side by a pressure (Aj) higher than a pressure 
(A Q ) of fuel gas (Q). 

[00 18] A starting method of a fuel cell system of this invention possesses a step which supplies the 
pretreatment gas which a step which supplies pretreatment gas is drying instead of oxidizing gas (P) 
to the anode side instead of the cathode side during a stop of the power generation as compared with 
fuel gas (Q). 

[00 19] A starting method of a fuel cell system of this invention heats water which flows through 
inside of a fuel cell stack (3), and possesses further a step supplied to a fuel cell stack (3). 
[0020]A program in connection with this invention for solving an aforementioned problem, A step 
which supplies the 1st fuel gas (Q) as fuel gas to the anode side of a fuel cell stack (3), A step which 
supplies the 1st oxidizing gas (P) as oxidizing gas to the cathode side of a fuel cell stack (3), When 
carrying out temperature up of the fuel cell stack (3), a computer is made to perform a method of 
providing a step which supplies the 2nd fuel gas (Q') as the fuel gas to the cathode side. 
[0021] A step at which a program in connection with this invention supplies the 1st fuel gas (Q) as 
fuel gas to the anode side of a fuel cell stack (3), A step which supplies the 1st oxidizing gas (P) as 
oxidizing gas to the cathode side of a fuel cell stack (3), When carrying out temperature up of the 
fuel cell stack (3), a computer is made to perform a method of providing a step which supplies the 
2nd oxidizing gas (P 1 ) as the oxidizing gas to the anode side. 

[0022] A program in connection with this invention during a stop of power generation of a fuel cell 
stack (3), A step which supplies pretreatment gas as gas dry as compared with oxidizing gas (P) used 
for operation of a fuel cell stack (3) to the cathode side of a fuel cell stack (3), A step which supplies 
oxidizing gas (P) to the cathode side when carrying out temperature up of the fiael cell stack (3), A 
computer is made to perform a method of providing a step which supplies fuel gas (Q) to the anode 
side of a fuel cell stack (3) by a pressure (Aj) higher than a pressure (A Q ) of oxidizing gas (P). 

[0023] A program in connection with this invention during a stop of power generation of a fuel cell 
stack (3), A step which supplies pretreatment gas as gas dry as compared with oxidizing gas (P) used 
for operation of a fuel cell stack (3) to the cathode side of a fuel cell stack (3), A step which supplies 
fuel gas (Q) to the anode side of a fuel cell stack (3) when carrying out temperature up of the fuel 
cell stack (3), A computer is made to perform a method of providing a step which supplies oxidizing 
gas (P) to the cathode side by a pressure (Aj) higher than a pressure (A Q ) of fuel gas (Q). 

[0024] 

[Embodiment of the Invention]Hereafter, the embodiment of the fuel cell system which is this 
invention is described with reference to an accompanying drawing. The same numerals are attached 
and explained to a same or considerable portion in each embodiment. 

[0025] (Working example 1) The composition in a 1st embodiment of the fuel cell system which is 
this invention is explained first. Drawing 1 is a figure showing the composition in a 1st embodiment 
of the fuel cell system which is this invention. A fuel cell system, The fuel gas feed zone 1, the 
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oxidizing gas feed zone 2, the fuel cell stack 3, the heating unit 5, the cooling unit 6, the 1st fuel gas 
flow control valve 7, the 2nd fuel gas flow control valve 8, the 1st oxidizing gas flow control valve 
9, the 2nd oxidizing gas flow control valve 10, the fuel gas check valve 11, the oxidizing gas check 
valve 12, the diode 13, The output switch 14, the voltage sensor 15, the pump 17, and the control 
section 18 are provided. And it is connected to the load apparatus 4 and electric power is supplied to 
the load apparatus 4. and, The 1st fuel gas piping 21-1 to 21-3 which is piping for the 1st fuel gas, It 
has the 2nd fuel gas piping 23-1 to 23-3 which is piping for the 2nd fuel gas, the 1st oxidizing gas 
piping 22-1 to 22-3 which is piping for the 1st oxidizing gas, the 2nd oxidizing gas piping 24-1 to 
24-3 which is piping for the 2nd oxidizing gas, and the cooling water piping 20-1 to 20-4 which is 
piping for cooling water. It has the wiring 25-1 to 25-2 which is wiring for electrical and electric 
equipment. 

[0026]The fuel gas feed zone 1 has a humidifying section. The 1st fuel gas as fuel gas is supplied to 
the anode side (fuel electrode) of the fuel cell stack 3 via the 1st fuel gas flow control valve of 1st 
fuel gas piping 2 1-1 -7-1 st fuel gas piping 21-2. Here, fuel gas is gas containing the hydrogen 
illustrated by the hydeogen-rich gas produced by reforming hydrocarbon system materials, such as 
hydrogen or methanol, and methane, and CO concentration is less than a predetermined quantity, and 
is humidified. However, if fuel gas is hydrocarbon system material, it contains a reforming section 
and CO transformation part in an inside, the fuel gas feed zone 1 — the 2nd fuel gas flow control 
valve 8 of 1st fuel gas piping 21-l(in the middle of)-2nd fuel gas piping 23-1 -via the 1st oxidizing 
gas piping 22-2 (in the middle of) of - 2nd fuel gas piping 23-2-fuel gas check valve 1 l-2nd fuel gas 
piping 23-3-, The 2nd fuel gas as fuel gas is supplied to the cathode side (air pole) of the fuel cell 
stack 3. 

[0027]The oxidizing gas feed zone 2 has a humidifying section inside. The 1st oxidizing gas as 
oxidizing gas is supplied to the cathode side (air pole) of the fuel cell stack 3 via the 1st oxidizing 
gas flow-control- valve of 1st oxidizing gas piping 22- 1-9- 1st oxidizing gas piping 22-2. Here, 
oxidizing gas is gas containing oxygen or the oxygen illustrated by air, and is humidified, the 
oxidizing gas feed zone 2 — the 2nd oxidizing gas flow control valve 10 of 1st oxidizing gas piping 
22-1 (in the middle of)-2nd oxidizing gas piping 24-1 -via the 1st fuel gas piping 21-3 (in the middle 
of) of - 2nd oxidizing gas piping 24-2-oxidizing gas check valve 12-2nd oxidizing gas piping 24-3-, 
The 2nd oxidizing gas as oxidizing gas is supplied to the anode side (fuel electrode) of the fuel cell 
stack 3. 

[0028]The fuel cell stack 3 is an aggregate (it is one or the stack connected [ two or more ] in series 
about a fuel cell cell) of the fuel cell cell which generates electricity using hydrogen in the 1st fuel 
gas, and oxygen in the 1st oxidizing gas. It mentions later for details. Here, the fuel cell stack 3 may 
be connected in parallel, not only the case of an independent stack but when connecting two or more 
stacks in series (output voltage can be made high) (output current can be increased). It is illustrated 
by fuel cells, such as a phosphoric acid type, a melting carbonate type, a solid oxide type, etc. 
besides a solid polymer type, as a fuel cell cell (however, in working example 2, it is a solid polymer 
type). 

[0029]The 1st fuel gas flow control valve 7 as the 1st fuel gas flow control section is between the 1st 
fuel gas piping 21-1 and the 1st fuel gas piping 21-2, and controls the flow (amount of supply) of the 
1st fuel gas supplied to the anode side of the fuel cell stack 3 from the fuel gas feed zone 1 . The 2nd 
fuel gas flow control valve 8 as the 2nd fuel gas flow control section is between the 2nd fuel gas 
piping 23-1 and the 2nd fuel gas piping 23-2, and controls the flow (amount of supply) of the 2nd 
fuel gas supplied to the cathode side of the fuel cell stack 3 from the fuel gas feed zone 1. The fuel 
gas check valve 1 1 is between the 2nd fuel gas piping 23-2 and the 2nd fuel gas piping 23-3, and the 
1st oxidizing gas of the 1st oxidizing gas piping 22-2 is prevented from flowing backwards to the 1st 
fuel gas piping 21-1 side. 

[0030]The 1st oxidizing gas flow control valve 9 as the 1st oxidizing gas flow control part is 
between the 1st oxidizing gas piping 22-1 and the 1st oxidizing gas piping 22-2, and controls the 
flow (amount of supply) of the 1st oxidizing gas supplied to the cathode side of the fuel cell stack 3 
from the oxidizing gas feed zone 2. The 2nd oxidizing gas flow control valve 10 as the 2nd oxidizing 
gas flow control part is between the 2nd oxidizing gas piping 24-1 and the 2nd oxidizing gas piping 
24-2, and controls the flow (amount of supply) of the 2nd oxidizing gas supplied to the anode side of 
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the fuel cell stack 3 from the oxidizing gas feed zone 2. The oxidizing gas check valve 12 is between 
the 2nd oxidizing gas piping 24-2 and the 2nd oxidizing gas piping 24-3, and the 1st fuel gas of the 
1st fuel gas piping 21-2 is prevented from flowing backwards to the 1st oxidizing gas piping 22-1 
side. 

[0031] At the time of starting, the water (cooling water) circulated in order to usually cool the fuel 
cell stack 3 at the time of operation is supplied to the heating unit 5 by 20 to cooling-water-piping 1 
course, and it is heated in order to heat the fuel cell stack 3. And the heated cooling water is supplied 
to the fuel cell stack 3 by 20 to cooling-water-piping 2 course. Heating is performed using methods, 
such as the method of burning it in response to supply of oxidizing gas from fuel gas and the 
oxidizing gas feed zone 2, and heating with an electric heater, from the fuel gas feed zone 1 . It does 
not heat other than [ of the fuel cell stack '3 ] the time of starting. 

[0032] At the time of operation, the cooling water heated by passing the fuel cell stack 3 is supplied 
to the cooling unit 6 by 20 to cooling-water-piping 3 course, and it is usually cooled with techniques, 
such as heat exchange, etc. And the cooled cooling water is sent out to the pump 17 by 20 to cooling- 
water-piping 4 course. It does not cool at the time of starting of the fuel cell stack 3. 
[0033]The cooled cooling water is supplied to the pump 17 from the cooling water piping 20-4, and 
the regurgitation is carried out to the cooling water piping 20-1. With the pump 17, it circulates 
through cooling water in order of the pump 17-heating unit 5-fuel cell stack 3-cooling unit 6-pump 
17 via the cooling water piping 20-1 to 20-4. 

[0034]The diode 13 restricts direction of the stack current Is as current of the fuel cell stack 3 to one 
way. It has connected in series in the middle of the wiring 25-1. The output switch 14 turns on and 
off the electrical link of the fuel cell stack 3 and the load apparatus 4 by switch ON/OFF. It is come 
by off at the time of starting. 

[0035]The voltage sensor 15 measures the stack voltage Vs which is the voltage of the fuel cell stack 
3. The terminal of another side is connected to the wiring 25-1 which takes out electric power for one 
terminal from the fuel cell stack 3 to the wiring 25-2. The measured stack voltage Vs is outputted to 
the control section 18. 

[0036]The control section 18, The fuel cell system whole. It controls (the fuel gas feed zone 1, the 
oxidizing gas feed zone 2, the fuel cell stack 3, the heating unit 5, the cooling unit 6, the 1st fuel gas 
flow control valve 7, the 2nd fuel gas flow control valve 8, the 1st oxidizing gas flow control valve 
9, the 2nd oxidizing gas flow control valve 10, the output switch 14, the voltage sensor 15, and the 
pump 17 are included). It has a table showing the relation between a time schedule, and the 
temperature and open circuit voltage which are shown in drawing 4 at a storage parts store (not 
shown). 

[0037]In the case of a vehicle use fuel cell system, the load apparatus 4 are an inverter for a vehicles 
drive, a motor, etc. In the case of a deferred type fuel cell system, it is a commercial inverter etc. 
[0038]Next, a fuel cell cell is explained with reference to drawing 2 . Drawing 2 is a sectional view 
explaining the fuel cell cell 30 and the separator 34. A polymer electrolyte fuel cell is provided with 
the following. 

They are the two separators 34 as basic structure. 
The fuel cell cell 30 pinched by them. 

[0039]The fuel cell cell 30 has the fuel electrode 32, the air pole 33, and the electrolyte membrane 
31. The electrolyte membrane 31 is pinched by the fuel electrode 32 and the air pole 33, and 
generates electricity according to electrochemical reaction (cell reaction) using hydrogen in the 1st 
fuel gas supplied via these electrodes, and oxygen in the 1st oxidizing gas. The electrolyte membrane 
3 1 is illustrated by the film of ion-exchange resin like a perfluoro sulfonic acid film. The fuel 
electrode 32 and the air pole 33 circulate the 1st fuel gas and the 1st oxidizing gas, respectively, and 
carry the electrochemical reaction by hydrogen in the 1st fuel gas, and oxygen in the 1st oxidizing 
gas. It is also a passage of the electron accompanying a cell reaction. The fuel electrode 32 and the 
air pole 33 contain the power collecting layer for taking out the generated electric power, and the 
reaction layer (catalyst bed) in connection with a cell reaction. At the time of starting of the fuel cell 
stack 3, oxidizing gas and fuel gas are simultaneously supplied to the fuel electrode 32 and the air 
pole 33, they generate heat by oxidation reaction of fiiel gas, and generate water. 
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[0040]The separator 34 is provided with the following. 

The fuel gas passage 35 which supplies the 1st fuel gas to the anode side of the fuel cell cell 30 in 
one field. 

The oxidizing gas passage 36 which supplies oxidizing gas to the cathode side of the fuel cell cell 30 
in the field of another side. 

It is provided between the fuel gas passage 35 and the oxidizing gas passage 36, and has the cooling 
water passage 37 which supplies the cooling water (it heats at the time of starting) which cools the 
fuel cell stack 3. Each [ fuel cell cell 30 ] are joined electrically. The construction material of the 
separator 34 is illustrated by the carbon (graphite) composite etc. At the time of starting of the fuel 
cell stack 3, the fuel gas passage 35 circulates in the 1st fuel gas and the 2nd oxidizing gas. Or the 
oxidizing gas passage 36 circulates the 2nd fuel gas and the 1st oxidizing gas. 

[0041]Next, the composition of a fuel cell stack is explained with reference to drawing 3 . Drawing 3 
is a perspective view showing the composition of the fuel cell stack 3. the fuel cell stack 3 — the 
separator 34-1 - 34-n (n — two or more natural numbers.) Below, [ same ] The fuel cell cell 30-1 to 
30-n-l, the power generation part 39, the current collection plate 40, the insulating plate 41, the end 
plate 42, the current collection plate 46, the insulating plate 47, the end plate 48, the fuel gas feed 
port 43, the cooling water feed port 44, the oxidizing gas feed port 45, the oxidizing gas outlet 49, 
The cooling-water-discharge mouth 50 and the fuel gas outlet 51 are provided. 
[0042]The power generation part 39 is a portion which generates electricity in the fuel cell stack 3, 
and fuel cell cell 30-s (it is [ s= 1 to n-1, a natural number, and the following ] the same) is connected 
in series via separator 34-r (r=s and r=s+l). Separator 34-r (r=s and r=s+l) is allocated in the both 
sides of fuel cell cell 30-s, and electrically connects fuel cell cell 30 adjoining comrades. Separator 
34-r and fuel cell cell 30-s are as explanation by drawing 2 . 

[0043]The current collection plate 40 and the current collection plate 46 are the electrodes for 
collecting the electric power generated by the fuel cell cell 30-1 to 30-n-l, and taking out to the 
exterior. The insulating plate 41 and the insulating plate 47 insulate the current collection plate 40 
and the current collection plate 46, and the end plate 42 and the end plate 48. The end plate 42 and 
the end plate 48 are full on both sides of the power generation part 39 from both sides. The fuel gas 
feed port 43, the cooling water feed port 44, and the oxidizing gas feed port 45 are established in the 
end plate 42. Fuel gas (at the time of fuel cell stack 3 starting, they are fiiel gas and oxidizing gas), 
cooling water, and oxidizing gas (at the time of fuel cell stack 3 starting, they are fuel gas and 
oxidizing gas) are supplied to the fuel cell stack 3, respectively. The oxidizing gas outlet 49, the 
cooling-water-discharge mouth 50, and the fuel gas outlet 51 are similarly formed in the end plate 
48. From the fuel cell stack 3, oxidizing gas, cooling water, and fuel gas are discharged, respectively. 

[0044]Next, the operation (starting method of a fuel cell system) in a 1 st embodiment of the fuel cell 
system which is this invention is explained with reference to drawing 1 , drawing 4 , and drawing 7 . 
[0045]First, drawing 7 is explained. Drawing 7 (a) is a figure showing the principle of the starting 
method of the fuel cell system of this invention. In addition to the 1st fuel gas (inside of a figure, 
H 2 ) 5 in the fuel cell cell 30 which has the electrolyte membrane 31, the fuel electrode 32, and the air 

pole 33, the 2nd oxidizing gas (inside of a figure, 0 2 ) is supplied to the anode side (fuel electrode 

32). By doing so, produced water and reaction fever occur on the catalyst bed of the fuel electrode 32 
by oxidation reaction (H 2 +l/2, and0 2 ->H 2 0) of the 1st fuel gas. Similarly, in addition to the 1st 

oxidizing gas (inside of a figure, 0 2 ), the 2nd fuel gas (inside of a figure, H 2 ) is supplied to the 

cathode side (air pole 33). By doing so, produced water and reaction fever occur on the catalyst bed 
of the air pole 33 by oxidation reaction (H 2 +l/2, and0 2 ->H 2 0) of the 2nd fuel gas. And the 

electrolyte membrane 31 is humidified with the produced water. The fuel cell cell 30 is heated with 
reaction fever, and the fuel cell stack 3 is heated as a result. That is, it becomes possible to perform 
heating and humidification at the time of starting. Since heating and humidification can perform this 
heating and humidification at a required place, they are dramatically efficient and can attain 
temperature up and humidification in a short time. 
[0046]Next, drawing 4 is explained. 

r00471 Drawing 4 is a timing chart which shows the operation at the time of starting of a fuel cell 
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system. The flow of the 1st fuel gas Q and 2nd oxidizing gas P' supplied to the temperature [ of the 
(a) fuel cell stack 3 ] T, relation [ with the time t ] 5 and anode side of the (b) fuel cell stack 3 here, 
and a relation with the time t, (c) the flow of the 1st oxidizing gas P and 2nd fuel gas Q' supplied to 
the cathode side of the fuel cell stack 3, and a relation with the time t — come out. a vertical axis — 
respectively (— a --) — a fuel cell stack — three — temperature — T — (— b — ) — the — one — fuel 
gas — Q — the — two — oxidizing gas — P — 1 — a flow (amount of supply) — (— c — ) — the — one — 
oxidizing gas — P — the — two — fuel gas — Q — 1 — a flow (amount of supply) — it comes out, and it 
is and a horizontal axis is the time t. 

[0048]The data in which the timing chart which shows the operation at the time of starting of a fuel 
cell system like this drawine 4 is shown, and the data (table) in which the relation between 
temperature and open circuit voltage is shown are stored in the storage parts store (not shown) of the 
control section 18, and are used for control of the control section 18. 

[0049] Operation is explained below. In this example, hydrogen shall be used as fuel gas and air shall 
be used as oxidizing gas. 
[0050](1) Step SOI (time 0) 

The fuel gas feed zone 1 makes hydrogen the 1st and 2nd fuel gas, and is in the state which can be 
supplied, this time — flow (drawing 4 (b)) =0 of the 1 st fuel gas Q, and flow (drawing 4 (cV) =0 of 
2nd fuel gas Q f — it comes out. 

[0051]The oxidizing gas feed zone 2 makes air the 1st and 2nd oxidizing gas, and is in the state 
which can be supplied, this time — flow (drawing 4 (c)) =0 of the 1st oxidizing gas P, and flow 
(drawing 4 (b)) =0 of 2nd oxidizing gas P ! ~ it comes out. 

[005 2] Circulation of cooling water is omitted in the line (the cooling water piping 20-1 to 20-4, the 
following, cooling- water-flow line) through which cooling water circulates. The temperature of the 
heating unit 5 is a room temperature. 

[0053]the fuel cell stack 3 — a temperature T(drawing_4_(a)) = room temperature (R. T.) — it comes 
out. The output switch 14 is an OFF state. 
[0054](2) Step S02 (the time 0 - t n ) 

Users turn ON a fuel cell system. The control section 1 8 starts starting of a fuel cell system. The 
control section 18 supplies the 1st fuel gas Q to the anode side of the fuel cell stack 3 from the fuel 
gas feed zone 1 by control of the 1st fuel gas flow control valve 7. In that case, it is made to increase 
gradually and a flow is eventually made into Q Q . this time — flow ( drawing 4 (c)) =0 of flow 

(drawing 4 (b)) =0 of the 1st fuel gas Q - Q 0 , and 2nd fuel gas Q* — it comes out. 

[0055]The control section 18 supplies the 1st oxidizing gas P to the cathode side of the fuel cell stack 
3 from the oxidizing gas feed zone 2 by control of the 1st oxidizing gas flow control valve 9. In that 
case, it is made to increase gradually and a flow is eventually made into P Q . this time — flow 

(drawing 4 (b)) =0 of flow (drawing 4 (c)) =0 of the 1st oxidizing gas P - P Q , and 2nd oxidizing gas 

P 1 ~ it comes out. 

[0056]The control section 18 makes the pump 17 operate steadily, and is making the cooling- water- 
flow line circulate through cooling water regularly. The control section 18 turns ON the heating unit 
5, and heats cooling water. The heated cooling water circulates through a cooling-water- flow line. 
[0057]The fuel cell stack 3 is gradually heated in response to supply of the heated cooling water. The 
temperature T is becoming high gradually from the room temperature (R. T.) (drawing 4 (a)). The 
output switch 14 is an OFF state. 
[0058](3) Step S03 (time t u - 1 12 ) 

After predetermined time t tl progress, the control section 18 supplies the 1st fuel gas Q to the anode 

side of the fuel cell stack 3 by flow Q Q from the fuel gas feed zone 1 by control of the 1st fuel gas 

flow control valve 7. Simultaneously, the control section 18 supplies 2nd fuel gas Q f to the cathode 
side of the fuel cell stack 3 from the fuel gas feed zone 1 by control of the 2nd fuel gas flow control 
valve 8. In that case, it is made to increase gradually and a flow is eventually made into Q Q \ this time 

- flow (drawing 4 (cV) =0-Q of flow ( drawing 4 (b)) =Q 0 of the 1st fuel gas Q, and 2nd fuel gas Q f — 

it 0 'comes out. However, since the explosion limit in the air of hydrogen is 4 to 75%, maximum 
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stream flow Q Q [ of 2nd fuel gas Q' ]' may be QqWq^Qq) <4% to flow P Q of the 1st oxidizing gas P 

for safety. If the rate of 2nd fuel gas Q' is small, the effect of heating and humidification will 
decrease. Therefore, 1%<=Q 0 '/(P 0 +Q 0 ') <4%** is preferred, more -- desirable 3.0%<=Q 0 '/ 

(P 0 +Q 0 ') <= - it comes out 3.5%. 

[0059]The control section 18 supplies the 1st oxidizing gas P to the cathode side of the fuel cell stack 
3 by flow P 0 from the oxidizing gas feed zone 2 by control of the 1st oxidizing gas flow control 

valve 9. Simultaneously, the control section 18 supplies 2nd oxidizing gas P to the anode side of the 
fuel cell stack 3 from the oxidizing gas feed zone 2 by control of the 2nd oxidizing gas flow control 
valve 10. In that case, it is made to increase gradually and a flow is eventually made into P Q \ this 

time — flow (drawing 4 (b)) =0-P of flow (drawing 4 (c)) =P Q of the 1st oxidizing gas P, and 2nd 

oxidizing gas P ! — it 0 'comes out. However, since the explosion limit in the air of hydrogen is 4 to 

75%, maximum stream flow P Q [ of 2nd oxidizing gas P' ]• is taken as 75%<Q 0 /(Q 0 +P 0 f ) to flow Q 0 

of the 1st fuel gas Q for safety. If the rate of 2nd oxidizing gas P f is small, the effect of heating and 
humidification will decrease. Therefore, 75%<Q 0 /(Q 0 +P 0 f ) <99%** is preferred, more ~ desirable — 

80%<=Q 0 /(Q 0 +P 0 ') <= - it comes out 95%. 

[0060]The control section 18 makes the pump 17 operate steadily, and is making the cooling-water- 
flow line circulate through cooling water regularly. Cooling water is heated in the heating unit 5. The 
heated cooling water circulates through a cooling-water- flow line. 

[0061]The 1st fuel gas Q and 2nd oxidizing gas P 1 are supplied to the anode side of the fuel cell stack 
3. And reaction fever and the water (produced water) as a resultant are generated by oxidation 
reaction (exoergic reaction) with the 1st fuel gas Q (hydrogen) and 2nd oxidizing gas P f (air) on the 
catalyst bed of the fuel electrode 32. That is, direct heating of the fuel cell cell 30 can be carried out 
with reaction fever. Simultaneously with it, the electrolyte membrane 31 can be directly humidified 
with produced water. 

[0062] Simultaneously, the 1st oxidizing gas P and 2nd fuel gas Q* are supplied to the cathode side of 
the fuel cell stack 3. And reaction fever and produced water are generated by oxidation reaction 
(exoergic reaction) with the 1st oxidizing gas P (air) and 2nd fuel gas Q' (hydrogen) on the catalyst 
bed of the air pole 33. That is, direct heating of the fuel cell cell 30 can be carried out with reaction 
fever. Simultaneously with it, the electrolyte membrane 31 can be directly humidified with produced 
water. 

[0063]In addition to supply of the heated cooling water, the fuel cell stack 3 is gradually heated 
further by reaction fever. The temperature T is becoming high gradually from the room temperature 
(R. T.) (drawing 4 (a)). The output switch 14 is an OFF state. 
[0064](4) Step S04 (time t 12 - 1 13 ) 

The control section 18 supplies the 1st fuel gas Q to the anode side of the fuel cell stack 3 by flow Q 
0 from the fuel gas feed zone 1 by control of the 1st fuel gas flow control valve 7. Simultaneously, 

the control section 18 supplies 2nd fuel gas Q ! to the cathode side of the fuel cell stack 3 by flow Q 0 f 

from the fuel gas feed zone 1 by control of the 2nd fuel gas flow control valve 8. this time — flow 
(drawing 4 (cV) =Q of flow (drawing 4 (b)) =Q 0 of the 1st fuel gas Q, and 2nd fuel gas Q 1 - it Q 

'comes out. 

[0065]The control section 18 supplies the 1st oxidizing gas P to the cathode side of the fuel cell stack 
3 by flow P Q from the oxidizing gas feed zone 2 by control of the 1st oxidizing gas flow control 

valve 9. Simultaneously, the control section 18 supplies 2nd oxidizing gas P ? to the anode side of the 
fuel cell stack 3 by flow Pq from the oxidizing gas feed zone 2 by control of the 2nd oxidizing gas 

flow control valve 10. this time — flow (drawing 4 (b)) =P of flow (drawing 4 (cT) =P Q of the 1st 

oxidizing gas P, and 2nd oxidizing gas P' — it Q 'comes out. 

[0066]The control section 18 makes the pump 17 operate steadily, and is making the cooling-water- 
flow line circulate through cooling water regularly. Cooling water is heated in the heating unit 5. The 
heated cooling water circulates through a cooling-water-flow line. 
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[0067] With the reaction fever and produced water by oxidation reaction by the side of the anode of 
the fuel cell stack 3, direct heating of the fuel cell cell 30 can be carried out, and the electrolyte 
membrane 31 can be humidified directly simultaneously. 

[0068] With the reaction fever and produced water by oxidation reaction by the side of the cathode of 
the fuel cell stack 3, direct heating of the fuel cell cell 30 can be carried out, and the electrolyte 
membrane 31 can be humidified directly simultaneously. 

[0069]The fuel cell stack 3 is heated by the cooling water and reaction fever which were heated. The 
temperature T reaches to operating-temperature T Q eventually. ( Drawing 4 (a)). The output switch 14 

is an OFF state. 

[0070](5) Step SOS (time t 13 -) 

The control section 1 8 checks that it is operating-temperature T Q based on the thermo sensor attached 

to the cell stack. And the 2nd fuel gas flow control valve 8 is stopped, and 2nd fuel gas Q' is set to 0. 
Simultaneously with it, the humidified 1st fuel gas Q is supplied to the anode side of the fuel cell 
stack 3 by flow Q 0 from the fuel gas feed zone 1 . A flow may be changed according to the operating 

condition of the fuel cell stack 3. this time — flow (drawing 4 (c)) =0 of flow ( drawing 4 (b)) =Q 0 of 

the 1st fuel gas Q, and 2nd fuel gas Q f — it comes out. 

[0071] At the same time as the control section 18 sets 2nd fuel gas Q' to 0, it stops the 2nd oxidizing 
gas flow control valve 10, and sets 2nd oxidizing gas P* to 0. Simultaneously with it, the humidified 
1st oxidizing gas P is supplied to the cathode side of the fuel cell stack 3 by flow P Q from the 

oxidizing gas feed zone 2. A flow may be changed according to the operating condition of the fuel 
cell stack 3. this time — flow (drawing 4 (bV) =0 of flow (drawing 4 (c)) =P Q of the 1st oxidizing gas 

P, and 2nd oxidizing gas P — it comes out. 

[0072]The control section 18 turns OFF the heating unit 5, and ends heating of cooling water. 
However, the operation which makes a cooling-water-flow line with the pump 17 circulate through 
cooling water regularly is continued. And when power generation is started, the cooling unit 6 is 
turned ON and cooling of the cooling water in the cooling unit 6 is started. 

[0073]The oxidation reaction by the side of the anode of the fuel cell stack 3 and a cathode is ended. 
And humidification of the direct heating of the fuel cell cell 30 by reaction fever and produced water 
and the electrolyte membrane 3 1 is ended directly. The fuel cell stack 3 is operating-temperature T Q , 

and its humidified state of the electrolyte membrane 31 is also enough. The control section 18 turns 
ON the output switch 14, and starts supply of the electric power of the fuel cell stack 3 to the load 
apparatus 4. 

[0074]The heat generated in power generation of the fuel cell stack 3 is away held by cooling water. 
With the size (it detects at the water temperature of the cooling water after fuel cell stack 3 passage) 
of the heat generating heat, the control section 18 adjusts the discharge quantity of the pump 17, and 
the refrigeration capacity of the cooling unit 6. The temperature T has operating-temperature T Q of 

the fuel cell stack 3 maintained ( drawing 4 (a)). 

[0075]By above-mentioned Step S01 - Step S04, starting (temperature up to an operating 
temperature, humidification of an electrolyte membrane) of a fuel cell system is completed. And it 
will carry out like Step S05, and will be in the usual operational status. 

[0076]Fuel gas and oxidizing gas are supplied to both by the side of an anode and a cathode, and 
oxidation reaction is made to cause in this example. However, as for starting of the fuel cell system 
of this invention, it is possible to also make oxidation reaction cause only to one side. In that case, a 
flow control valve, a check valve, and its piping become unnecessary, and a system can be 
miniaturized. 

[0077]In this example, although only the produced water by oxidation reaction is performing 
humidification of the electrolyte membrane 31, humidifying is also possible by supplying the 1st fuel 
gas Q and the 1st oxidizing gas P which were humidified to the fuel cell stack 3. In that case, the 
time concerning humidification is shortened. 

[0078] In this example, the fuel cell stack 3 by heating of the cooling water which used the heating 
unit 5 is heated simultaneously. However, since oxidation reaction occurs on a catalyst bed at a room 
temperature even when not using the heating unit 5, heating to the operating temperature of the fuel 
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cell stack 3 by this invention is possible. In that case, the heating unit 5 is omissible. 

[0079]In this example, although hydrogen is used as fuel gas, it is also possible to use the fuel gas 

containing the hydrogen which reformed the gas of the hydrocarbon system. 

[0080]Heating by the cooling water which flows through the inside of the passage established in the 
inside of the separator of a fuel cell stack in this invention, And it not only uses heating by fuel gas 
or oxidizing gas, but it is heating using the reaction fever accompanying the oxidation reaction on the 
fuel electrode 32 of the fuel cell cell 30 of the fuel cell stack 3, and the air pole 33. That is, since it 
heats with the heat generated for itself [ fuel cell stack 3 (fuel cell cell 30) ], the efficiency of heating 
is dramatically high. Therefore, the temperature up in a short time becomes dramatically possible. 
[0081]In the case of oxidation reaction, the electrolyte membrane 31 is humidified using the 
produced water generated by a reaction. That is, water will be supplied on the fuel cell stack 3 (fuel 
cell cell 30), and the efficiency of humidification becomes very high. Therefore, humidification in a 
short time is attained dramatically. 

[0082]Pre-heating and humidifying can do a fuel cell cell directly by causing oxidation reaction on 
the fuel electrode of a fuel cell stack, and an air pole, and generating generation of heat and produced 
water in a fuel cell cell by this invention, at the time of fuel cell system starting. And it becomes 
possible to shorten substantially the warm-up time of the whole fuel cell system. 
[0083]The composition in a 2nd embodiment of the fuel cell system which are (working example 2), 
next this invention is explained. Drawing 5 is a figure showing the composition in a 2nd embodiment 
of the fuel cell system which is this invention. A fuel cell system, The fuel gas feed zone 1, the 
oxidizing gas feed zone 2, the fuel cell stack 3, the heating unit 5, the cooling unit 6, the 1st fuel gas 
flow control valve 7, the 1st oxidizing gas flow control valve 9, the diode 13, the output switch 14, 
the voltage sensor 15, fuel gas pressure 16 [ a total of ], the oxidizing gas pressure gauge 19, the 
pump 17, The control section 18 is provided. And it is connected to the load apparatus 4 and electric 
power is supplied to the load apparatus 4. And it has the 1st fuel gas piping 21-1 to 21-3 which is 
piping for the 1st fuel gas, the 1st oxidizing gas piping 22-1 to 22-3 which is piping for the 1st 
oxidizing gas, and the cooling water piping 20-1 to 20-4 which is piping for cooling water. It has the 
wiring 25-1 to 25-2 which is wiring for electrical and electric equipment. 

[0084]In this example, it differs from working example 1 in that diffuse the fuel gas by the side of an 
anode into the dry electrolyte membrane (penetration), and oxidation reaction is made to cause on an 
air pole. A fuel cell cell is heated with the reaction fever generated by oxidation reaction, and an 
electrolyte membrane is humidified with produced water. By humidification, the gas permeability of 
an electrolyte membrane falls and diffusion into the electrolyte of fuel gas is stopped automatically. 
In this example, supply of the oxidizing gas by the side of an anode and supply of the fuel gas by the 
side of a cathode are not performed. Therefore, the composition relevant to it is not used. 
[0085]Fuel gas pressure 16 [ a total of] measures the pressure of the fuel gas supplied to the anode 
side of the fuel cell stack 3 via the 1st fiiel gas piping 21-1 to 21-2 in the 1st fuel gas piping 21-2. A 
measurement result is outputted to the control section 18. The oxidizing gas pressure gauge 19 
measures the pressure of the oxidizing gas supplied to the cathode side of the fuel cell stack 3 via the 
1st oxidizing gas piping 22-1 to 22-2 in the 1st oxidizing gas piping 22-2. A measurement result is 
outputted to the control section 18. 

[0086] Since other composition is the same as that of working example 1, the explanation is omitted. 
[0087]Next, the operation (starting method of a fuel cell system) in a 2nd embodiment of the fuel 
cell system which is this invention is explained with reference to drawing 5, drawing 6 , and drawing 
7. 

[0088]First, drawing 7 is explained. Drawing 7 (b) is a figure showing the principle of the starting 
method of the fuel cell system of this invention. The electrolyte membrane 3 1 is dried at the time of 
starting, and since internal moisture is decreasing, it has gas permeation nature. Fuel gas (inside of a 
figure, H 2 ) is supplied to the anode side (fuel electrode 32), and oxidizing gas (inside of a figure, 0 2 ) 

is supplied to the cathode side (air pole 33). It is considered as the pressure of the pressure > 
oxidizing gas of fuel gas. Since the electrolyte membrane 31 has gas permeation nature, the fuel gas 
by the side of an anode penetrates the electrolyte membrane 31, and it attains it to the air pole 33. 
And the diffused fuel gas causes the oxidizing gas by the side of a cathode, and oxidation reaction 
(H 2 +l/2, and0 2 ->H 2 0) on the catalyst bed of the air pole 33, and generates produced water and 
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reaction fever. And the electrolyte membrane 3 1 is humidified with the produced water. The fuel cell 
cell 30 is heated with reaction fever, and the fuel cell stack 3 is heated as a result. That is, it becomes 
possible to perform heating and humidification at the time of starting. Since heating and 
humidiflcation can perform this heating and humidification at a required place, they are dramatically 
efficient and can attain temperature up and humidification in a short time. 

[0089]By considering it as the pressure of the pressure < oxidizing gas of fuel gas, the oxidizing gas 
by the side of a cathode penetrates the electrolyte membrane 31, and attains it to the fuel electrode 
32. And the diffused oxidizing gas causes the oxidizing gas by the side of an anode, and oxidation 
reaction (H 2 +l/2, and0 2 ->H 2 0) on the catalyst bed of the fuel electrode 32, and generates produced 

water and reaction fever. The electrolyte membrane 31 is humidified with the heat of formation and 
reaction fever, the fuel cell cell 30 is heated, and the fuel cell stack 3 is heated as a result. 
[0090]Next, drawing 6 is explained. 

[0091]Drawing_6_is a timing chart which shows the operation at the time of starting of a fuel cell 
system. The flow of fuel gas Q supplied to the temperature [ of the (a) fuel cell stack 3 ] T, relation 
[ with the time t ], and anode side of the (b) fuel cell stack 3 here, and a relation with the time t, (c) 
the flow of oxidizing gas P supplied to the cathode side of the fuel cell stack 3, a relation with the 
time t, the pressure of (d) fuel gas Q and the pressure of oxidizing gas P, and a relation with the time 
t — come out. a vertical axis — respectively ~ the flow (amount of supply) of (temperature T and b) 
fuel gas Q of the (a) fuel cell stack 3, the flow (amount of supply) of (c) oxidizing gas P, the pressure 
of (d) fuel gas Q, and the pressure of oxidizing gas P — it comes out, and it is and a horizontal axis is 
the time t. 

[0092]The data in which the timing chart which shows the operation at the time of starting of a fuel 
cell system like this drawing 4 is shown is determined experimentally beforehand. And it is stored in 
the storage parts store (not shown) of the control section 18, and is used for control of the control 
section 18. 

[0093]In this example, hydrogen shall be used as original fuel gas used as the raw material of fuel 
gas, and air shall be used as oxidizing gas. 
(1) Step Sll (time t 20 - 1 21 ) 

The fuel gas feed zone 1 supplies hydrogen to the anode side of the fuel cell stack 3 as fuel gas. this 
time — flow (drawing 6 (b)) =Q 0 of fuel gas Q, and pressure A(Q) =A Q of fuel gas Q — it comes out. 

[0094] The oxidizing gas feed zone 2 supplies air to the cathode side of the fuel cell stack 3 as 
oxidizing gas. this time — flow (drawing 6 (c)) =P Q of oxidizing gas P, and pressure A(P) =A Q of 

oxidizing gas P — it comes out. 

[0095]In the line (the cooling water piping 20-1 to 20-4, the following, cooling- water-flow line) 
through which cooling water circulates, the cooling unit 6 and the pump 17 are ON, and circulate 
through cooling water. The heating unit 5 is OFF. 

[0096]The fuel cell stack 3 is temperature T (drawing 6 (a)) =T Q (operating temperature). The output 

switch 14 is an ON state. 
[0097](2) Step S12 (time t 21 - 1 22 ) 

Users turn OFF a fuel cell system. The control section 18 starts the stop operation of a fuel cell 
system. By control of the control section 18, the fuel gas feed zone 1 suspends supply of the fuel gas 
by the side of the anode of the fuel cell stack 3. this time — flow ( drawing 6 (b)) =0 of fuel gas Q, 
and pressure A(Q) =A Q (although supply of fuel gas is not performed, fuel gas exists in an inside) of 

fuel gas Q - it comes out. 

[0098]By control of the control section 18, the oxidizing gas feed zone 2 supplies air to the cathode 
side of the fuel cell stack 3 as oxidizing gas. However, oxidizing gas P at this time supplies the 
oxidizing gas which is not humidifying. The oxidizing gas which is not humidifying is oxidizing gas 
(as is taken in out of a cylinder or the atmosphere) which omits humidification performed when 
using it at the time of operation of the fuel cell stack 3. That is, as compared with the oxidizing gas 
(finishing [ humidification ]) used at the time of operation of the fuel cell stack 3, it is dry. By supply 
of this dry oxidizing gas, it is taken by the oxidizing gas which the moisture in the electrolyte 
membrane 3 1 dried, and dries and goes. The electrolyte membrane 3 1 without gas permeation nature 
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comes to have the gas permeation nature called a crossover by desiccation. The flow of dry oxidizing 
gas and the temperature of feed time and the fuel cell cell at the time of supply are determined by 
experiment, this time — flow (drawing 6 (c)) =P 0 of oxidizing gas P, and pressure A(P) =A Q of 

oxidizing gas P — it comes out. 

[0099]In the line (the cooling water piping 20-1 to 20-4, the following, cooling- water- flow line) 
through which cooling water circulates, the cooling unit 6 and the pump 17 are ON, and circulate 
through cooling water. The heating unit 5 is OFF. 

[0100]The fuel cell stack 3 has power generation suspended by control of the control section 18. 
Thereby, the temperature T falls gradually. It is temperature T (drawing 6 (a)) =Tq-Tq'. The output 

switch 14 is an OFF state. 

[0101 ](3) Step S13 (time t 22 - t 23 ) 

The fuel gas feed zone 1 has suspended supply of the fuel gas by the side of the anode of the fuel cell 
stack 3. this time — flow ( drawing 6 (b)) =0 of fuel gas Q, and pressure A(Q) =A Q (although supply 

of fuel gas is not performed, fuel gas exists in an inside) of fuel gas Q — it comes out. Internal gas 
may be replaced by inactive gas. In that case, safety improves. 

[0102]By control of the control section 18, the oxidizing gas feed zone 2 suspends supply of the fuel 
gas by the side of the cathode of the fuel cell stack 3. this time — flow ( drawing 4 (c)) =0 of the 1st 
oxidizing gas P, and pressure A(P) =A Q (although supply of oxidizing gas is not performed, 

oxidizing gas exists in an inside) of oxidizing gas P — it comes out. 

[0103]In the line (the cooling water piping 20-1 to 20-4, the following, cooling-water- flow line) 
through which cooling water circulates, the cooling unit 6 and the pump 17 serve as OFF, after the 
temperature of the fuel cell stack 3 becomes a room temperature. The heating unit 5 is OFF. 
[0104]The fuel cell stack 3 has suspended power generation. The temperature T falls gradually and is 
temperature T(drawingj6_(a)) =T 0 f -0 (or good also at a room temperature). The output switch 14 is an 

OFF state. 

[0105](4) Step S14 (time t 23 - 1 24 ) 

Users turn ON a fuel cell system. The control section 18 starts starting of a fuel cell system. The 
control section 18 supplies fuel gas Q which omits humidification from the fuel gas feed zone 1 to 
the anode side of the fiiel cell stack 3 by control of the 1st fuel gas flow control valve 7. In that case, 
it is made to increase gradually and a flow is eventually made into Q Q . The control section 1 8 

controls the fuel gas feed zone 1 to become predetermined value Aj about the pressure. As for the 

pressure Aj, it is preferred to consider it as the value more than the pressure (A(P) =A Q ) by the side 

of a cathode. Thereby, hydrogen in fuel gas becomes easy to penetrate the inside of the dry 
electrolyte membrane 31 to the cathode side. It is the maximum pressure to which the electrolyte 
membrane 31 does not damage the maximum of pressure Aj according to the difference of the 

pressure by the side of an anode, and the pressure by the side of a cathode here, and the minimum of 
pressure Aj is the minimum pressure that hydrogen by the side of a cathode can diffuse to the anode 

side. However, since gas permeation nature falls with the water generated by diffusion of hydrogen 
(after-mentioned), in order to perform sufficient humidification and heating, to some extent high 
pressure Aj is required. The value is determined experimentally. By diffusion by the side of the 

cathode of hydrogen, oxidation reaction occurs on the catalyst bed of the air pole 33. The fuel cell 
cell 30 can be heated with the reaction fever. The electrolyte membrane 31 can be humidified with 
the water generated in the case of oxidation reaction, this time — flow (drawing 6 (bY) =0 of the 1st 
fuel gas Q - Q Q , pressure A(Q) =A Q of fuel gas Q - Aj — it comes out. 

[0106]The control section 18 supplies oxidizing gas P which omits humidification from the 
oxidizing gas feed zone 2 to the cathode side of the fuel cell stack 3 by control of the 1st oxidizing 
gas flow control valve 9. In that case, it is made to increase gradually and a flow is eventually made 
into P Q . this time — flow (drawing 6 (eft =0 of oxidizing gas P - P Q , and pressure A(P) =A Q of 

oxidizing gas P ~ it comes out. 

[0107]The control section 18 makes the pump 17 operate steadily, and is making the cooling-water- 
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flow line circulate through cooling water regularly. The control section 18 turns ON the heating unit 
5, and heats cooling water. The heated cooling water circulates through a cooling-water-flow line. 
[0108]The fuel cell stack 3 is gradually heated in response to the oxidation reaction on supply of the 
heated cooling water, and the air pole 33 of the hydrogen which diffused the inside of the electrolyte 
membrane 31 to the cathode side. The temperature T is becoming high gradually from the room 
temperature (R. T.) (drawing 6 (a)). The output switch 14 is an OFF state. 
[0109](5) Step S15 (time t 24 - t 25 ) 

The control section 18 supplies fuel gas Q to the anode side of the fuel cell stack 3 by flow Q Q 
stably from the fuel gas feed zone 1 . this time — flow (drawing 6 (b)) =Q 0 of fuel gas Q, and pressure 
A(Q) =Aj of fuel gas Q — it comes out. 

[01 10]The control section 18 supplies oxidizing gas P to the cathode side of the fuel cell stack 3 by 
flow P Q stably from the oxidizing gas feed zone 2. this time ~ flow (drawing 4 (cY) =P 0 of the 1st 

oxidizing gas P, and pressure A(P) =Aq of oxidizing gas P — it comes out. 

[01 1 l]The control section 18 makes the pump 17 operate steadily, and is making the cooling-water- 
flow line circulate through cooling water regularly. Cooling water is heated in the heating unit 5. The 
heated cooling water circulates through a cooling-water-flow line. 

[01 12]Fuel gas Q is supplied to the anode side of the fuel cell stack 3. A part of fuel gas Q diffuses 
the inside of the electrolyte membrane 31, and it attains it to the catalyst bed of the air pole 33. On 
the other hand, oxidizing gas P is supplied to the cathode side. Oxidizing gas P is attained to the 
catalyst bed of the air pole 33. And on the catalyst bed of the air pole 33, fuel gas Q (hydrogen) and 
oxidizing gas P (air) are oxidized (exoergic reaction), and reaction fever and the water (produced 
water) as a resultant are generated. That is, direct heating of the fuel cell cell 30 can be carried out 
with reaction fever. Simultaneously with it, the electrolyte membrane 31 can be directly humidified 
with produced water. Time t 24 - 1 25 are determined experimentally. 

[01 13]In addition to supply of the heated cooling water, the fuel cell stack 3 is gradually heated 
further by reaction fever. The temperature T becomes high gradually from a room temperature (R. 
T.), and approaches operating-temperature T Q (drawing 6 (a)). The output switch 14 is an OFF state. 

[01 14](6) Step S16 (time t 25 - 1 26 ) 

The control section 18 detects having approached operating-temperature T Q based on the thermo 

sensor attached to the cell stack. And the fuel gas feed zone 1 is controlled and the pressure of fuel 
gas Q by the side of an anode is returned to A Q . this time - flow (drawing 6 (b)) =Q 0 of fuel gas Q, 

pressure A(Q) =Aj of fuel gas Q - A Q — it comes out. 

[01 15]The control section 18 supplies oxidizing gas P to the cathode side of the fuel cell stack 3 by 
flow P 0 from the oxidizing gas feed zone 2 by control of the 1st oxidizing gas flow control valve 

9.this time ~ flow (drawing 6 (c)) =P Q of oxidizing gas P, and pressure A(P) =A Q of oxidizing gas P - 

- it comes out. 

[01 16]The control section 18 makes the pump 17 operate steadily, and is making the cooling-water- 
flow line circulate through cooling water regularly. Cooling water is heated in the heating unit 5. The 
heated cooling water circulates through a cooling-water-flow line. 

[01 17] With the reaction fever and produced water by oxidation reaction by the side of the cathode of 
the fuel cell stack 3, direct heating of the fuel cell cell 30 can be carried out, and the electrolyte 
membrane 3 1 can be humidified directly simultaneously. When humidification progresses, the gas 
permeation performance of the electrolyte membrane 31 falls, and it becomes difficult to pass along 
fuel gas. And humidification is ended when gas stopped passing eventually. Flow Q 0 and pressure 

Aj of fuel gas Q are experimentally determined that the end of humidification will come between t 25 

[01 18]The fuel cell stack 3 is heated by the cooling water and reaction fever which were heated. The 
temperature T reaches to operating-temperature T Q eventually. (Drawing 4 (a)). The output switch 14 

is an OFF state. 
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[01 19](7) Step S17 (time t 26 -) 

The temperature T serves as operating-temperature T Q . The control section 18 is checked with the 

thermo sensor attached to the cell stack. The control section 18 supplies the humidified 1st fuel gas 
Q to the anode side of the fuel cell stack 3 by flow Q Q from the fuel gas feed zone 1 . A flow may be 

changed according to the operating condition of the fuel cell stack 3. this time — flow (drawing 4 (b)) 
=Q 0 of the 1st fuel gas Q, and pressure A(Q) =A Q of fuel gas Q — it comes out. 

[0120]The control section 18 supplies the humidified 1st oxidizing gas P to the cathode side of the 
fuel cell stack 3 by flow P Q from the oxidizing gas feed zone 2. A flow may be changed according to 

the operating condition of the fuel cell stack 3. this time — flow (drawing 4 (c)) =P 0 of the 1st 

oxidizing gas P, and pressure A(P) =A Q of oxidizing gas P — it comes out. 

[0121]The control section 18 turns OFF the heating unit 5, and ends heating of cooling water. 
However, the operation which makes a cooling-water- flow line with the pump 17 circulate through 
cooling water regularly is continued. And when power generation is started, the cooling unit 6 is 
turned ON and cooling of the cooling water in the cooling unit 6 is started. 

[0122]The oxidation reaction by the side of the anode of the fuel cell stack 3 and a cathode is ended. 
And humidification of the direct heating of the fuel cell cell 30 by reaction fever and produced water 
and the electrolyte membrane 31 is completed directly. The fuel cell stack 3 is operating-temperature 
T 0 , and its humidified state of the electrolyte membrane 31 is also enough. The control section 18 

turns ON the output switch 14, and starts supply of the electric power of the fuel cell stack 3 to the 
load apparatus 4. 

[0123]The heat generated in power generation of the fuel cell stack 3 is away held by cooling water. 
With the size (it detects at the water temperature of the cooling water after fuel cell stack 3 passage) 
of the heat generating heat, the control section 18 adjusts the discharge quantity of the pump 17, and 
the refrigeration capacity of the cooling unit 6. The temperature T has operating-temperature T Q of 

the fuel cell stack 3 maintained (drawing 6 (a)). 

[0124]By above-mentioned Step SI 1 - Step SI 6, starting (temperature up to an operating 
temperature, humidification of an electrolyte membrane) of a fuel cell system is completed. And it 
will carry out like Step SI 7, and will be in the usual operational status. 

[0125]The fuel gas by the side of an anode is made to penetrate to the cathode side, and oxidation 
reaction is made to cause in this example. However, it is also possible to make the oxidizing gas by 
the side of a cathode penetrate to the anode side, to make oxidation reaction cause, and to use the 
reaction fever and produced water. In that case, in Steps S14-S15 (time t 23 - 1 25 ), it can carry out by 

making high not the pressure of fuel gas Q but the pressure of oxidizing gas P. 

[0126]In this example, although dry oxidizing gas is passed in Step SI 2, dry fuel gas may be passed. 
It is also possible to pass dry fuel gas and oxidizing gas simultaneously. 
[0127]In this example, although only the produced water by oxidation reaction is performing 
humidification of the electrolyte membrane 31, humidifying is also possible by supplying fuel gas Q 
and oxidizing gas P which were humidified to the fuel cell stack 3. In that case, the time concerning 
humidification is shortened. 

[0128]In this example, the fuel cell stack 3 by heating of the cooling water which used the heating 
unit 5 is heated simultaneously. However, since oxidation reaction occurs on a catalyst bed at a room 
temperature even when not using the heating unit 5, heating to the operating temperature of the fuel 
cell stack 3 by this invention is possible. In that case, the heating unit 5 is omissible. 
[0129]In this example, although hydrogen is used as fuel gas, it is also possible to use the fuel gas 
containing the hydrogen which reformed the gas of the hydrocarbon system. 

[0130]Heating by the cooling water which flows through the inside of the passage established in the 
inside of the separator of a fuel cell stack in this invention, And it not only uses heating by fuel gas 
or oxidizing gas, but it is heating using the reaction fever accompanying the oxidation reaction on the 
fuel cell cell 30 air pole 33 of the fuel cell stack 3 (or fuel electrode 32). That is, since it heats with 
the heat generated for itself [ fuel cell stack 3 (fuel cell cell 30) ], the efficiency of heating is 
dramatically high. Therefore, the temperature up in a short time becomes dramatically possible. 
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[0131]In the case of oxidation reaction, the electrolyte membrane 31 is humidified using the 
produced water generated by a reaction. That is, water will be supplied on the fuel cell stack 3 (fuel 
cell cell 30), and the efficiency of humidification becomes very high. Therefore, humidification in a 
short time is attained dramatically. 

[0132]Pre-heating and humidifying can do a fuel cell cell directly by causing oxidation reaction on 
the fuel electrode of a fuel cell stack, and an air pole, and generating generation of heat and produced 
water in a fuel cell cell by this invention, at the time of fuel cell system starting. And it becomes 
possible to shorten substantially the warm-up time of the whole fUel cell system. 
[0133] 

[Effect of the InventionJIn the case of starting of a fuel cell system, pre-heating of a fuel cell stack 
and humidification can be performed efficiently, and this invention enables it to shorten the warm-up 
time of a fuel cell system. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rDrawing H it is a figure showing the composition in a 1st embodiment of the fuel cell system which 
is this invention. 

[Drawing 21 It is a sectional view explaining a fuel cell cell and a separator. 

[Drawing 3H t is a perspective view showing the composition of a fuel cell stack. 

[Drawing 4H t is a timing chart which shows the operation at the time of starting of a fuel cell system. 

fDrawing 51 It is a figure showing the composition in a 2nd embodiment of the fuel cell system 
which is this invention. 

rDrawing 6H t is a timing chart which shows other operations at the time of starting of a fuel cell 
system. 

rDrawing 7] (a) It is a figure showing the principle of the starting method of the fuel cell system of 
(b) this invention. 
[Description of Notations] 

1 Fuel gas feed zone 

2 Oxidizing gas feed zone 

3 Fuel cell stack 

4 Load apparatus 

5 Heating unit 

6 Cooling unit 

7 The 1st fuel gas flow control valve 

8 The 2nd fuel gas flow control valve 

9 The 1st oxidizing gas flow control valve 

10 The 2nd oxidizing gas flow control valve 

1 1 Fuel gas check valve 

12 Oxidizing gas check valve 

13 Diode 

14 Output switch 

15 Voltage sensor 

16 Fuel-gas-pressure meter 

17 Pump 

18 Control section 

19 Oxidizing gas pressure gauge 

20- 1-20-4 Cooling water piping 

21- 1-21-3 The 1st fuel gas piping 

22- 1-22-3 The 1st oxidizing gas piping 

23- 1-23-3 The 2nd fuel gas piping 

24- 1-24-3 The 2nd oxidizing gas piping 

25- 1-25-2 Wiring 

30 (-one to n-1) fuel cell cells 

3 1 Electrolyte membrane 

32 Fuel electrode 
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33 Air pole 

34 (-1 -n) Separator 

35 Fuel gas passage 

36 Oxidizing gas passage 

39 Power generation part 

40 Current collection plate 

41 Insulating plate 

42 End plate 

43 Fuel gas feed port 

44 Cooling water feed port 

45 Oxidizing gas feed port 

46 Current collection plate 

47 Insulating plate 

48 End plate 

49 Oxidizing gas outlet 

50 Cooling-water-discharge mouth 

5 1 Fuel gas outlet 



[Translation done.] 
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[Drawing 41 
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x*«y *<DWgjm^it&m*v#jm&miLm\,\ 
msMzm ^x^<ox\ *agaw mrae * -east 
[0005] mmmtDtfmnmxt'vtizm, mmfr 

M*bt>nx^% a 

[0 0 0 6] 

[0007] *tz, *%w<Dm<Dsmt, nmnmx? 
•y zommtfMZffiit s c tmm&mimmi'XT 

[0008] *mmmicm<Dgmt, mnmmxtv 

[0 0 0 9] 

Brnxmnnzm^-nnzm^x, mmzM&? 
wif*©$6H] omit mm^>mm<Dmm\ tonrn 

m ic&i&2nx^z%W(D&ffi&imm<Dmmcm^x 
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[0 0 10] ftoT, ±B3m*Bft*&rcl6K., *58 

wo«»«6^f-Att, (is) t, mrnmm 

Xfy? (3) k, 2? 1 JUBtfZffiKMfPff (7) fc, 
&2*^#X»E»W»* (8) k, SB 1 «fb#*»«ffl 
HAS (9) fcfcHfirrs. Sit 1 Xg&fifljspgp 

(7) i4, mmmmxtv? o) o7/-k«^«w& 

SftSIHWXi: LTOSS l WW* (Q) oifUI*#J 

•P-r*. sb 2 im-itf ^.anmp (8) au4, 

(3) o*y-K*^«»*n**o««*xfc 10 
LT©*2j»R^ (q* ) ©aa*w»-rs. ssiss 

(b^MMM! (9) 14, *©*y-K«MW»Sft 

JUWfctfafciTCOjBiWbJf* (p) <o?3ita*$ij{»-r 

5 0 *LT, MIIW (1 8) «, V* 

(3) «mr«Mic, ?«D*v-Fiic, mzvmx 
x (q' ) k*mt^ (p) tttwnfc-sMtta 

[00 1 USft, *«W<D«««fiS/XxAH:, M«P 
tf (1 8) k, JKSWflX*** (3) fc, mimW 20 
xa«B»ffl5 (7) k, IS 1 WUtXZMMfflM (9) 

s 2 iMbtf do) tttmmtZo m 

i «m#*ffi»ww» ( 7 ) mnmmx tvt 

Umax (q) ©«ui*iwffli-rso » i mit^mmm 

mm (9) flmWl&X*** (3) ©ay-KflHs 

we*ti*wkj!r^kLT©»iBwt^ (p) ©ffi« 
£»j»-rs. £2^tf*ttMMB d o) a, *o 

7/-KflK««6*ns*<0lMk^Xi:bT©a2BWk 
#7. (P' ) 0ttB*MfP-r&. ^ LT, MMB (1 30 
8) (4, tmWMXZy* (3) Srfffi-rsiSK, *© 
77-FHPV (Q) fctg2»fbtfX 

(P* ) i:*^»Bte**ifc«^-P«»*n*J:^KW 

i jim^iiuuMtw (7) trnzmituxvamftm 
» (i o) fc*wwr«. 

[0 0 12] jgfc, *«WOj8m*»^^-rA»4, «m 

«?fe7.2-y* (3) rtfcifcnszkfcibn&rsiiniftSs 
(5) fciifcJUI-r*. ?LT, IW&tf (1 8) m 

mmmx$-y? o) *#a-r*ist, zvhmzno 

Zofctm® (5) fcMflp-r*. 40 
[0 0 13] ±EWH**i*-t *£«>©* *989IOflm 
«»'>X7 l A©jBft*i*W:, IWMtttX*** (3) © 
77- KIIK $&37^ LT©Jg 1 $*4#X (Q) % 
7.r>y7fc, (3) ©#y- 

Kffii'N, iwk^xfcLT©»i»fk^ (p) *#t^-r 

3XT-y7£, «B«fl**»y* (3) «rfffi-r«R 
fc, ^oay-FflHv *©«BS#X £ LT©I& 2 Mft 
#X (Q* ) *«*&-r5X-f •vT'kSr^fllf S. 
[0 0 l 4] £fc, ^WOMBWas/XxAWSEteF 
ffitt» $*4«ffiX*<;/? (3) ©77- FllPX 50 
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xkbT®»i««*^ (Q) «yets^»^, 

* >y * ( 3 ) ©* 7- FiK, 1Mb # X L 

x<o^\m.\ti3x (p) seasts^fy^, 

&X*>y7 (3) &JF&?«IBK. ^©77- FIJI'S, 

■*owb*xkbToiB2»t*7, (p' ) %«te-r* 

X7>v7k^*fi|-r§o 

[0015] *ftm<omnmMi/*Tk<Digmi5 
mt, mum**?* (3) ^©fla&wic, mum 
ax (Q) Rifan sfbtrx (p) *fnar*^v^ 

fcJEfcJUrr*. 

[0 0 16] £7c, *58W©«m*«l^XTi»©iBft* 

wr****** (3) ©%«©#±*{c, am 

WfeX^-y? (3) ©#y- FUN'S, 
(3) OjMEfcffl^SWbffX (P) fcJtKUTiatt 

«8«»X*ry^ (3) fclMWSISte* *©*y-K 
(SB's, HfbtfX (P) *flttM-57f-^t, 
X*>y* (3) ©77- F«K »{b#X (P) ©Eft 

(Ao ) J:»)fe«^ffi* (A. ) T«#X (Q) 
^•T5X7>y7k^S«i-r^o 

[0 0 17] Mt, *«lB©jj»R«fiS/Xri*Ofi»* 

mt. tmnmxnv? o) ©^*©ff±tpt, am 
w&zfy* (3) ©^y-Fii'N, jass**^*^^ 
(3) ©afifcfflv^afbtr* (p) kJt^LT^jst 

«W«6^*y^ (3) Sfffi-TSISts MH«A7» 
-y^ (3) ©77-FflH'V JS^A*7 (Q) ^«$&-r§ 
Xf7^> *©*y- FH^ (Q) ©ff^i 

(Ao ) J:0fe*^£E* (A, ) TlWk^X (P) 

[ooi8] at, ^m<Dmmwy7.7-h<oism5 

ffif4, t<F^a^X^*&-r57-r^7^, ^©^«©<? 
ik^tc, *©*y- Ffll©f^t>») (c^©7 7- FfflS's, 
f?fk#X (P) ©«t>t)tC^^7 (Q) kirb^LT^ 

ft lt ^©Husaa**x%#i^-r § xf 7^R<i-r 

[0019] mc. *&m<DtenvMi'X7 L k<Dimy3 
mt. mnnmxtyt (3) rt*atns***rt»b^ 

Umwmx?y9 (3) 's#tt&^SX7 1 y7 , %MKJIfll 

[0020] ±mmm*wfctz>rcib<D*fzwicMt>z 

7p^*vA(4, «8«*»X*-y^ (3) ©77- FW 

's, ®m#xtLX(omiiim#x (q) 

msmmzzv? (3) ©*y- fob's, 

fkA*XkLT©|glS6{kA*7 (P) ^T5Xf>y7 
k, «Sfitt«iX*'y^ (3) %SiB-r*IBfc, ^©*y 
-FIB'S, *©«Sjtr^fcLT©»2jl8fi^ (Q* ) 

[0 0 2 1] $fc, #?g0JltcWfr37n^A(4, «m 
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mumx* (q) «ttftt5xf»^t, jssmwftx 

#>y? (3) ©av-KiPv mb&XfcLT©»lB 
fk#X (P) *&&-r£.Xr>yy£, Mm»7^y^ 
(3) £#fif £«, ^WV-Kffl'J'V *<DlWfc# 
7,tLX<D^zmtiS7s (P* ) ^t5^f>y^ 

[0 0 2 2] gfc, *f8WK|Bt)S^D^5A«, «8« 
WMzZv? (3) 058*©f?ik*fc» 
* (3) ©ftV-KOT'V (3) 10 

tefcffl^SKfbtf* (P) fcJtRLTftjRLTVStf;* 

*-y* (3) fcfffifSISfc:, fOAV-FW'v SHk 
iiX (P) *«KW*Xr-y^t, TO«?feX#>y* 
(3) Wbtf* (P) ©E2) (Ao ) 

*»}fe»^E* (a, ) t«#x (q) *«i&-rsx 

[0 0 2 3] HK, *»UHcBfc*:7Dy5AI4 % TO 
(3) ©S&«©flfifctf>K:, «Ift!iX2>y 
7 (3) OAV-KftK, (3) 20 

lEfcffl^SIHbff* (P) fcJtRLTttjftLTVStfX 

£<y* (3) *jfs-rsisic, im^^'^ o) 

©7V-K«I'V ASStf* (Q) *#iSt5Xf'y^ 
£, *©*y-F«Pv (Q) ©E*» (Ao ) 

iOfeii^E* (A, ) THKX (P) £#W6f 

[0 0 2 4] 

T&Ol&iSOJBtlteBLT, ^#@®*#SiLT^Wr 30 
[0 0 2 5] (5ISg0IJ 1 ) ftt" , *«W?fcS«»*Wl!l 

fi>a, jm^xraevK s{fc#*0we»2, 

ft!X2>y*3, inl^gp 5 . ftipg&6, SB l vmfixffiM 

mtm 7. %2 fm#xtimsm# 8 , m 1 »<t3!f x» 
i#n, ffltfixm±# 1 2, ^*-ki 3, 

^yf 14, WE-by-9-15, *^17, M^JgP l 

Eff-e*5»unsR^rxfie2 i-i~2i-3, m2 

«fi^fflOEffP*S»2«SR^Ee2 3 - 1 ~2 

3-3,^1 iwk^^ffloEB-pfesa i mitjfxmw 

22-1-22-3, Sg2&fk#7.ffl©E§T*;&£Sg2 

»{t^Eff 24-1-24-3, ^m^mmx^ 
s»»7kEe2o-i~2o-4%wr*. so 
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ffi©Eire*5Eli2 5- 1 -2 5-2£<ix.3o 

[0026] i iD8***frs. $ 

1 «s8#xes2 i - i -mi timjszvumwmm - 

m 1 TO#XE1 2 1-2 LT^ttHfiX £ -y * 3 
OSS® 'NlWXtUO^lW 

1«&*#*ES2 1-1 OD&tfO -U^flSBtfXES 

2 3 - 1 -» 2 TO*"XjJiaiWfflI# 8 -If? 2 ftSfW^E 
S 2 3 - 2 -J$ft#XjMlt# 1 1 2 jKfijffXEff 2 

3-3-asiiHbtf*ES2 2-2 «om>) fcftl, 

[0027] »fk3?x«i&»2tt, rtautJniiBaJswr 
s. a? i iwk^E* 2 2 - 1 -m i mtisxmmm 
m-m\mtfi7&%zz-z*ftLxmnn®.7,z 
■^3©*y-Kii (ssia) ^g?fk^xtLT<omi 

Sfc, »fk^«ie»2tt. SglIKk#XEW2 2 
- 1 (©5i(p) 2 ttfktf XEff 2 4 - 1 -m 2 ^fk 
^««t!lfP# 10-S2 ^{k*"XEW 2 4-2 -«<k 

i2-a2 mk^xss 2 4 - 3 -m 1 

^7>EW2 1-3 ^/TLT, ifMifiXjr9 

?3<D7/-m mmm) ^mit^xtLxcomzm 

[oo 2 8] mnmmx$v93it, mmmfiWD 
7m tm i m<t#x*<Dmmt*m^x&n*m®.m 

«BHr;l/©*£# (Mm*a-b;l/%-oXJ4ia5>Jfc«» 

re, «S»*J6-b;I/i:UTH:, H#K»?Sofl!J, U>» 
n§ (fcfcU *SSfi»J2T'«, Hf*S«^S-C*S) o 

[o o 2 9 ] m i wbtixtomww&t. Lx<Dm 1 «m 

^XjjS»fiJ®# 7 14, 9 1 ^^XE^ 2 1 - 1' fcJB 1 

mwxES 21-2 iicostcfe o , ass#*08ea5 1 
ft^flS8«iftx^ y * 3 ©7/- Fdij'N^-r^m i as 

M^gp^ urorn 2 Mm^KMif^t 1 s a, m 2 am 

**XES2 3 - 1 fc»2jlB8^fXEff2 3-2fcOBUc 
SO, jiafi^X«te»l*»&«S««l^^y^30*y 
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?&o timxzm±ft i nt, ^2OT*"xiaw2 3- 
2^^2^**xse§2 3 — 3 t^>F^tc^t». wnmit 
tjxsbi 2 2 - 2 on i n<k#xtf, m i mna^mw 
21-1 iKjM«t-r^<D^Kih-r?. 0 
coo3o]mi mitisxmmmm^t txom i m<t 
fi7,mm.vm# 9 it. mi nfttfxsB^ 2 2 - 1 tm 1 

l&ffctfXSE^ 2-2tO)®lC$>*), ®^X«S&g|52 

^ e>jBm«fti!x* <y * 3 <Dt> v- Fdij^^-rsm i i? 

{t#X<DiJit» £f|iJSPT5o H5 2|t{btfX}?i« 

*J®a5tbT©m2^LA*X^*$iJP#l Oit, ?f?2$E 10 
{b#XKW 2 4 - 1 £15! 2 mitJSTWM 2 4 - 2 t (D?3 
ftfetK ^k^X^gl52^P,^*ffiX^y^3©7 

/-KiiK^-rsm2^b^7 > ©^a (msm) 

'm% a Mt1lX&kM\ 2\t, |g2lHt:ffXlEl2 4 
-2i:m2^kA*XEW2 4-3h^{C^D, mi^ 

^•xbew 2 1 - 2 ©m i m®f}xt>\ m i m<b#x@2 
t22-i m^mmzvmktZo 

[0 0 3 1] Mfcg|$5ti, eiftmcfev^ iimig^ 

(^ai7j<) ^*P7KiBi2 0- iigST'^$n, 20 
«ti**^3£M^3fcfe£MS-f 5 0 ^tr, an 
ii$n7c^7K^^7j<iBW2 0 - 2M&T*$mnm7> 
*vt3 %>o burnt. mm#x&&i$ 1 & 

x, znttmrntzfim*, m%t-zx<Di)m&z<D 

[0032] nw^eit, mnmnmc mnmmxz 

-3 agrees n, mzwimv^&micxQKm 30 
5„ fit, ^2n$n/ci^ii]7k^^iP7j<EW2o-4S 

mat, n^fst>r^\ 

[0033] 1 7 a, ft^nfcftiPTk^iPTk 
ei 2 0 - 4 ^ ^TkiBi 20-1 ^\(±m 

•r §o 1 7 1<£ ^s^bbi 20- 

1~20-4£;»LT, tfyfl 7-MSP5-^* 
Hi!X£-y^3-ft£pg|$6-#y:7°l 7 ©iiTifSf So 

[0 0 3 4] *V*-K 1 3«> 1WX^7^30 
m^fcbT^X^-y^miJiil s«Dft#£-?jIa)lCi|iiJI5-f 40 
3o BH^ 2 5-1 <Djfc»t>fcil0IJfc:S«L"CVS. tfJ^X 
4-y3-l4lt, W>yfON/OF Ftcj;0, 
X*-y*3i:fy?gB4 i:<DftWSi%ON/OF F 
•f£> 0 Sifimiiti, OFFt4oWS 0 

[0 0 3 5] SE-tr>"*l 5tt, 8mtt7feX*>y*3© 
ttET-&3X* -y *«JI V s ZMfetZo -TtcOJS? 
S\ $*4»t!lX ^7^3^6tMl!5 HltgSSi 2 5- 

it, m<Di%?z&M2 5-2s\mmLx^z> 0 m& 

£tt;fcX*'y*1tEV sit, fiJflSasi 8^tB^J$n5o 
[0 0 3 6] SiJffllgB 1 8 it, 181!ft->XfLt<* 50 
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1 , X#*&gi5 2 , ^ItftfjX * >y * 

3, An^SP 5 . ^356, mi^^7.«iaS)Ji)#7, 

m 2 TO^X^»SiJ®# 8 , ffU ®?fk#Xj5ii«$fJffll# 
9v %2MitJS7>ffimfflfflftl 0, fcBTJX^y^l 4, 

ttff-fe^+n 5, #y7i 7£^t?) *umtz> 0 £ 

So 

[0 0 3 7] ft£?gB4(i, mSfflMmitii/XxACD 

mm.moyjmmm^^L.tDm-^iat. mm^yi-f 
mx&% 0 

[0 0 3 8] 02£#!>8LT, »lit!!^;K:o 

^xmmt%« m2\t, mnmm^3 orxs^^u- 

it, S*«igtbT2 0©-b/^-^3 At, ZftZlc 

&%ftrcMnw.mtj\'3 o t^m^ a 
[0039] mnm^-t^3oit. $m®3 2, 
3 3, mmnm 1 ^wr§ 0 «3 1 \t, mnm 

3 2RVQfcLM3 3im%ft, ZftZmMm&Xi&i&lE 

tizm 1 ti*msz*<D7kmis&xsm 1 ^k*7.4«©^ 

oo nmnm3 nt, ^-y^u^^ymmo^o 
r^^y^mm<Dmm7rs^n^, 0 m®M3 2RVg. 
m®3 3 tt, ^-n^ftif? 1 mmisxRvm 1 wntfixz 

?oiisST"£>fe5 0 mm®3 2sa*s^fii3 3t±, 

SK^S .(M^S) ^CJo ^«^X^«y^3 
©®«J^ftCt±, ^@3 2Rt?^^3 3 It, SHfctfX 

[0 0 4 0] Ml/-^3 4(i, -73<Dffi^*5V>T^ 

*ffi-t;i/3 o(D7/- Ym^% 1 ^A*x*«^-rs^ 
^^xiis§3 5 1, mi5(Dmias^x®mmm : bj\<3 0 
©av- vm^mitiJ7,^m^ir^miti}xm^3 6 ^ 
^•rso 8m#x;isg3 5tmikuxm&3 6 

ij^ca»-r§) ^7j<^#i^-rs^iP7i<jiss3 7% 

t%o -tr/^L — ^ 3 4(Dtimt, t>-i£y (777 7-T 

uytfity hmic&mznzo ^*?&x^ 

-y <7 3 tDigftfmai, ^^T^XiiSS 3 5 mi iS8«7!f 

xi:m2®{btfx££«f3 0 x«> ^{t**xass3 

[0 0 4 1] jtS^«tfeX^«y^<D^tco^T@ 
3^#BgLTlftWrSo @3ti, ^«?6X^>yi7 3 0 
^^-r^M0T-a&5o «fi«»X^y^3tt, -b7^ 
U-^3 4-l~3 4-n ( n I* 2 fit±0£«8S, WT 
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raw , imiftt^3 o- i~3o-n- 1, nm® 

3 9, **:7U-M0, fcltTV-M 1, x>F7 
U-M 2, Mn?U~h4 6, feS^U-h 4 7, X 

y k:/u- h 4 8 , mwxmxn 4 3 , »#;jd§AP 

4 4, *ft#**AP4 5, IKt#X#tiJP4 9, ft£P 

[00 4 2] fg«95 3 9 tt % y * 3 

T> «t|*ff 9 0. «W«l!H!^3 0-s (s 
= l~n-K JUTraW tf, -fe/<U-*3 4 

-r (r = sRlfr = s+l) fcftLTKGajfcSSttSft 10 
TV^o -b/^-^ 34-r ( r = s &t>* r = s + 1 ) 

«, «»«6-fe;i/3 0-s©PiiifcHR«tu K&ts 
*SW6-b;i/3 0ra±%«a«fc»ttrs. wis-? 
3 4-r fttfMHflMt;P 3 0 - s {i, 0 2 -?©!&$© 

[0 0 4 3] Sltt^V- h 4 0Rtflfc*:/U- h 4 6 
tt, *R£Mt?ft-fe;l/ 30-l~30-n-l T?8*£tt;fc 

7u- h 4 1 Rxsmm-f U- h 4 7 t4, MtM^U- h 4 
0&t>*mm7V-M xyKyi/-h42&D*x 20 
y b 4 8 1 xyK7U-h4 2& 

tfx>K7U-h 4 814, 3£«Si53 9fcpmifr&«#C 

3, ttSl**AP4 4RtfK{tJffX#AP4 

X) , J&abjcRtfflMfctfX (jmw&z*y9 3&m 
it, tmJSXtMitXK) ^ffiSStS. HIlcxyK7 
U-h4 8fcf4, »{btfXl*HiP4 9> ?&ai*SWiP5 

0Rxfm.®#7>m&n5 mmtzti?^*. mnmm 30 
x^-y^3*^> ztiztmitfi^ tttpfcRtfmntf 

[0 0 4 4] #»WT?fc*88«fiS'Xr AOS! 

fCOt>T, 01, 04, H7*#IHLTWW-r 
[0 0 4 5] $1\ H7fc^T«UU"r*. 07 (a) 

(4, *awo«5s«a">x-f AOie»i*ffioBa**"r 

0T*&S o ttfi?H§l3 1 fc»Rtt3 2fc2»S3 3fc* 
«"r*«S*»-fe;l/3 0K:^^T, 7V-F1IJ (MBS 40 

32) fcsmmwz (0*, Hz ) icta^xmzmit 

#X (0*, 0 2 ) £«$&-f5o ^-S-rscfcfcJ:*)* 
«»S3 2©M«il±T*m 1 j|»|#X4>ttfc£JS (Ha 
+ l/2-0 2 ^H* 0) ££9, 4i3t*fcfi«*ft3WSI 

£-rs. ra^tc, av-fm (£fu&3 3) tcanmt 

H 2 ) %«tS"T5 0 *3-f*Ci:fcJ:tK £^®3 3© 
ttJUMI±-p»2«S»^0»{kK«; (Ha + 1/2 • 0 

a ->h z 0) titis ^wctEdajb^-rso *l 
t, *©£/a*-ews«K3 ltfiniBsn*. g 50 
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ffi»t?«m««nr/i/ 3 0 mmz n, t Lxmnm 

{4, iiniiRtfiPS^S^^imT-^^SOT-, Ittftcft 

[00 4 6] #{C, R4K-D^XVffit&o 
[0 0 4 7] 0 414, IM^XfAOgi^iff 
^W5V^t-hT?jB5. CCT\ (a) «&» 
*»X*v*3©fi£TfcB$iat fc©Hllk (b) ««• 
«ffiX£y * 3 ©7/- Ffllfc#*&Stt33, 1 

q &tf m 2 wbarx p ' (Dtfam tmstt <dm%. 
( c ) vmnmxzv* 3o*y-H«t«»3rn*» 
1 snt#x p &t>* m 2 q • (D^a fci^ia 1 1 © 
h& T-fe§ 0 ^$st4, ^n^n (a) mmnmxzv 

^3©tS«T, (b) mi^A*XQi:m2^b73 , X 

p' coasa amm) , (c> anMk^pfc»2j8 
»^xq' (Dfam wj&m) , -est), iiit, ttMt 

[0048] t<Dm4(D^o^mnw.m^^'rh(omW] 

ffififcMttWEfcOHfcfciS-rr-* (f— (4, 
©Jffligpi 8©fB1ta5 (HTTs-^-f) ic^sn, 

8©sij®tffl^ % e>ns 0 

[0049] uTKWittzmmtZo xmnrnxit, m 
nxxtLxim, wattfx£Lx&n.*m^zt><Dt 

[0 0 5 0] (1) Xf-yfS 0 1 (RSIHI0) 
«5S^«I&» 1 14, l Rt>*m 2 J8S^ i: L 

mm (04 (b) ) =0, mzmntfxQ' <omm cm 

4 (c) ) =0, X$>2>o 

[00 5 1] ®.\ti37,mffi>2&, &W&m 1 Rtf»2 

iwtj!fxkbT««eRrfii*««'efe*. cott, mi 
ttft^p©«ai (04 (c) ) =o, »2iWbsrx 

P' ©J5?l» (04 (b) ) =0, 1?^5„ 
[0 0 5 2] 5 7 (J^iP7j<iEW2 0 

-1-20-4, J^T, >&fllzWWI5-0) T^4, <^iP 
*0««lttfToTV^ftV\ *Piia5 5©Sgt4SST'fe 

So 

[0 0 5 3] fiSBl«7ii'^3li, SJST (04 
(a) ) =MU (R. T. ) , T'&So liitlX^'y^l 
4 It, 0FF«lt'$5= 

[00 5 4] (2) Xf'yyS0 2 «0O~tn ) 
a— >f-3H4, lM?S!v'XfA^0NCt5„ SlJPSP 
1 8(4, «S8Wfi->*-f A©Sft£Mtt-r5. W»»l • 

8 «, mi flSfi^«awdiw# 7 ©$ij® tc io, n&Hft 
xmmgp i e», mi ^^a't, q zimmmx *v?3 

a^cQo c-r^o c©££, »i«s^q 
©SS* (04 (b) ) =o~q 0 , mtrnxxQ' © 
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mm (04 ( c ) ) T*fcSo 
[0 0 5 5] mm i sit. m i nittizmmmmm 

mmit. ^icmm^^s mmwifcPo iz-r% 0 a 

<DtZ, f lWt**XP<9fii (04 (c) ) =0~P 

o , mzwutfixp' (Dmm (04 a) ) = o, r-fe 

[0 0 5 6] $ij'#g|5 1 8lt, #^7 1 7 

£fc> MS? 1 8 it, iP^g|5 5^0N^t, ^»7j< 

[0057] mnmmxzv ? 3 it, Jrag^nfcftaw 

m (R. T. ) frtb'&ZlZ&<&iX^Z> (04 

(a) ) o H^X^^l 4lt, 0FF«iT65c 
[00 5 8] (3) Xr-yT'S 0 3 (UtM t .. ~t 

. 2 ) 

$|J®SP 1 8 tt, m^©^ t , , *5^T, m 1 20 

mFW*mm%m# 7 * *> . mftuxwism 1 

UKaftlQo T*«*SLT^3 0 Rlgfc, ©Ml 8lt, 

m 2 ^^x^t»$ijffli# 8 oftmiic <fc t> , 

AKttfcQo • {cfS, mi«m#XQ 

oaui (04 (b) ) =q» , m2imi}xQ' (omm 

(04 (c) ) =0~Qo * % fcTcU #350 

ffi**©Ji5H8#W4 ~ 7 5«4<0T, 30 
2 (WW* Q ' Q o ' tt, mi &<b# X P CD 

?5f«Po fcflU Qo ' / (Po +Qo ' ) <4%tt 

ifinjsioa!)S!^>a<as. fct, i%^q 0 • / 

(Po +Qo ' ) <4%, J:t)»$L< 
«\ 3. 0%£Qo ' / (Po +Qo ' ) ^3. 5%, 

[0059] wm> i8B, si »ft*^aaiiw»#9 

^r^^tt^X >y*3C*y- KlIKSftS P o T*&& L 40 

r^5„ ra^rfc, mawi 8tt, »2iMb*x8(ai#jw 

#1 OtOfflilKiD^ 2 6, 92 Kit 

{cT5o Ccott, migHt#XP<Di5S« (04 

(c) ) =p 0 , mzmttuw <Dim (04 

(b) ) =0~Po ' , T*&3„ fcfcU 7K^O^cp 

a*xp' ©«*«ubp 0 • »i«s^rxQo«aQ 

0 KftU 7 5%<Qo / (Qo +Po 1 ) ff£> 0 $ 50 
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CD#J3I#'>& < «^T« 7 5%<Qo / (Qo + 
Po ' ) <9 9%, JI»«U\ <fc^»$L<«, 8 0 
%^Qo / (Qo +Po ' ) £9 5%, T'&So 
[0 0 6 0] mffl& 1 8 tt % 1 7 «rS«»ES 

%o ztz, tm^sxit, ^TkoiinJR^fToT^^o 

[0 0 6 1] ^»H6x^-y^3<DTy-HffllJf::«, 9 
l^7?XQi:92K^k7yxP , i:^««6SnSo *t 

7j<) t«?ns„ fttto'S. s^i^J:?)lf«ii 

[0 0 6 2] raujte, «S8«H!!X^'y^3©*V~Kfll 

{ctt, 9lg?^b7^7>Pi:92^*°7 > Q , tt>mmzn 

5o fLT< ffi«S3 3fl!)ttl«Ui±k:i3tt«, »llMt 
#xp i:m2^^XQ , (**) 

•T^^^^ fiJfcf&fcck!)$mit!H2;l'3 o^fi^ip^-r 

[0 0 6 3] imWbX9v*3li. tnf&ZtltctfitBfc 

t>5o SJSTti, Sfi (R. T. ) *^6»^rK:jS<i8:o 
(04 (a) ) o WftXf y^l 4«, OFF« 

[00 6 4] (4) XfyfS 0 4 (^fia t w ~t 

,3 ) 

mm® i8B, mi ^7?x^a$tj®i# 7 qmupk: j: 
ass^flaegp 1 ^e., mi «sR^xQ%jam«» 

X^<y^3©7y-K(H'N^»Qo T«I6LTV^. HO 

y >7 3<r>i] V- Kffl)J'\}jitSQo ' t*«bt 
COfct, mi^^XQcOiJSa (04 (b) ) 
= Qo , m2»^XQ' (Dffim (04 (c) ) = 
Qo ' , T*$»5o 

[0065] $ijffliai5 18», mi iMb*xj!faiiBHW# 9 
«k 0 , iwt^f^««fi» 2 a* e., mi »ft^ x p 

TV^„ R|«fK:, f^JSIgP 1 8«> m2S?fb**Xi5it»$)J®l 

#1 oco$ij©{c e };o> ^{k^xm952^e, m2Kfk 

a 7s p ' zmnmmx i*v?3<D7/- vm^mm 

Po ' "Cdtt&LT^*o iiott. miKft^XP©}5S 

a (04 ( c ) ) =p» , m2g!^k*"xp , <Dmm (0 
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4 (b) ) =Po ' , T-feSo 
[0066] fflftPffi 1 8 tt, -fy/l 7 *£Sjli|g£ 

So 

[0 06 7] JttR*»X^ y*307/- FfflTCOftft 
»SteJ:*El6»k4j«*fcfcJ:0, «**Wl!Hr;l>3 0 

*ia»jinj»-r*cfc^a*, risk, «<sh^3 i*at 

cfcaVUJ**. 10 
[0 0 6 8] HMIC. «RWdlX*yi'30*y-FIB 

-tr;i/3o^«g*pii-ri.iit^t±j*> mmc. rn.mm.rn 
[0069] mnmm^ ? * 3 a, imztiittfi&fc 
a*sfigTo 'varrs. (04 (a) ) o mftx-rvi- 

1 414, OF FftffiT'&So 
[0 0 7 0] (5) 7fv7S0 5 (mmt 13 ~) 
$iJSHgpi8«, ttffiX£>v^c^9tttt7cSJg-try-»7-- 20 

q' zottZo zntmm^ «S8?ff^«iew 1 

Ty-FflKWMQo TtfaSTS. ft*, «8«fiX* 

tz. m\im#xQ<m* (04 (b) ) =q 0 , m 
zmwzQ' vmm (04 u) ) =0, v&& 0 
[007 1] $fj'#gpi 8(4, mzmwxQ' noict 
ztDtmmic, mzmitffxvmfflmfti o^raitu 30 

48*6*2*^ iP^n/c^l^t^XP^^«?teX 
^•y^3<DAV-K«I^J!S«Po -ettte-fSo ft*, jK 

cott, aniwttfxpoaa (04 ( c ) ) 
= p 0 , a 2 p* ©gas (04 (b) ) =0, 

[0 0 7 2] ffl&ff 1 8(4, ftP^gP5^0F FELT, 

mwm^ > K»a**«»we«»s-&* wfttttt 40 

?LT, fg«tfP#i£tl7cJ§'&(c(4, iUipg|5 6 
^ONfcLT, ^gl5 6T'CD^iP7l<(D^ip^^-rSo 
[0 0 7 3] «m*Jl!!X^y^3 07/-FffllRtf*y 

*fcteJ:*S8BWfrb/i,3 0©jtgipiiRtf«»®)l3 

1 (ommmzmtZo mnnm^y^3^ mm 

5o tt&ffll 8 4%ON(cLT, A 
ffig@4(cflL-T, «8*»X*v*3©tttj©{Kie* 
MSfi-TS, 50 
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[0074] m&w.mxzy?3<D¥zm-em3i?5m 

(4, fcipfcfc J: 

$iJ®gi5l 8(4, ^^^1 7(Dtttij« J f\ ^Slgi56 

3<DMWMS.To ZmmtlZ (0 4 (a) ) . 
[0 0 7 5] HBCDXf'^SO l~Xf'^S0 4 (C 

*MS©iiqfi) tfKTfS. *LT, Xf7/S0 5?) 
±?(tLT, 

[0 0 7 6] *H8£0iJT'(4, 7/- H«Rtf*V- Ftt 

jwqsfcaOs 5/x?-Aff3>7<* met**. 

[0 0 7 7] *£j&0»mi, «$?K8I3 1 ©ftjSiSfk 

x QRvm i * p zmnmmx *v?3^ 

[0078] *nsg0ijT-{i, jajsaeps^fflvfeMaiTk© 
ip^t <k5^*itex * -y * 3 (Dhmzmmcft r> 
% 0 fetch* w»»5*fflva:v^»fr-efe, »{bs«tt 

v 1 3 <DmumL^v>ixmmmx'&% 0 %<d 

[0079] sfc, **sswefi, nm#xtLX7m 

[0 0 8 0] *«WE*V^Ttt % JiHWAX^y^O-b 

ltT-ft<, «S««»X*'y^3<0jia!fi«»-b;l/S0©jaS 
^®3 2_t&tfS*M3 3±T©»bSiSlcfl5 5Ria» 

^3 (Oflm«»-fe/U3 0) iHTf84"r*S»KJ:t)ftl 

[0 0 8 1] Sfc, KfbSiSoiR, K«fcJ:04*^* 

«H*«fix* y * 3 3 0 ) ±iC7k 

*^$nscfcfcft»3, Aps©^$*^EiS;<ft 
S„ ^<Dfci6, ^tjs^Bi-poinSjyRr^fcftSo 

[0 0 8 2] *«WK«fc flm«fl^^7-A&Hl« 
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[oo83] mmm z ) *c *%wt'& zmmmm 

ti. 0 5&, *^it^§Wffl->XfAOl2© 

?4x^>y^3, in$*g&5, ^»gP6, is i mwzmm 

St 1 6, KfktfXE^H" 1 9, #y?\ 7, fflflfttl 8 
fcJUfrrSo ^bT, fWffSH4fc88t£tU 10 
4'\*rt*«*&LTV« 0 -f-LT, »Uffl3!f7ffl<DE 

e-p*s»i«ss^Eff2 1-1-2 1-3, mim 

{t#XflJ©EfiT?&*» 1 g?ft#XE^ 2 2-1-22 
- 3 , »»*fflOEff 7?**J*ai*Eff 2 0-1-20 
-4*WTS. «Rffl©E«n?fcSEtt2 5-l 

-2 5-2£d;t3o 

[0 0 8 4] ^HMJTii, 77- F$J©j$|StffX£\ 

mftm&tnm-r&a rac<t«3, mmnmo^^mmm 

3 0 #H«0!T«\ 7/-F«!F\©&{fc;*7*©0t 

[0085] mmnxmtim i6tt, » 1 «&b#*eb 

2 1-1-2 1 -2£ftLTjl8PM7.£"y^3©7/ 
-Ffl8^#l&Sft5J«8#*©jEEa*, SljBfi^E 

g2 i-2iz$s^TMm?Zo Mfet&mtfflm&i 8-\ 

tftfjSft*. Kft^EAtH 9tt, SlgMfctf^Eflf 30 
2 2- 1-2 2-2%^LT«SRWftX*v*3©*y 

[0 0 8 6] *-©te©1?|jjK«, HMO 1 fcH*T»*© 
T\ ^©IHBJ^BSfSo 

[0 0 8 7] <KfC, ^T^Sfflfi^^fAOS 

So 40 
[0 0 8 8] £1\ H7ftov^Tlttlfl-r*. 0 7 (b) 

07-feSo «5?Sil3 Hi, iSiiBttcfc^Tgj&U 

-Kffli umm3 2) (0*, h« k #v 

§13 Hi, j5fXifiStt*<»Sfc«>, 7/-Fflg©«K*# 

xti, m8?a§i3 i*isau £«tt3 3'\isws. *■ 

LT, ffi»LT#fcj(BS^t4, £M8b3 3©»&J1± 50 



^fM 2003-331892 
18 

■eav-KmoiHbtfxfciMbKjs (h* + 1/2 • 0 
z ^h 2 o) ^iszkfcsjas^fg^'rso *t 

*WTj®issiiifcffaRtfjpa*3iis-r* c ttfta&z> 0 

[0 0 8 9] $«;tf*©E2KSHfc#7.©E££ 
T3ci:T\ £V-F®J©$Hbtfxfi, S8?SII3 1 £ 
2BflU ffl!3 2Alt5„ ■?• LT, iittLT#fc» 
{ttfxtf, 2©M®*±T7y-F«©^fk^ 
XfcSfbEJS (H2 +1/2 • Oz ->H 2 O) %fiU 

[0 0 9 0] H6lcovvt8ttlJf§o 

[0091] 06 «, mnnws7>Tk<ofg l %m<oWift 

^W5^+-M'fe5o CcT% (a) B8S 
W^X £<y^ 3 ©fifiTmfi3t £:©»&, (b) ffl& 

mmtmmt t©n^, (c) $m«*t!jx£^3©# 

V- F«fctt*&;£ ttS IMfctf X P ©ffi« £:B#Fb1 t £©IB 
^, (d) fm#7sQ<DEEtlBiTm<t1}XP<DEEtltm 

mttvmm, t^s 0 ^n^n (a) mnm 
») , (c) Hfk^p©«« , (d) 

ra t -efeSo 

[0 0 9 2] C©H4©J:5*jaS3Btt?ft">Xx^©iBil 
[0 0 9 3] *HS50ljT*{i, ^«~X©M^i:4SM^ 

•rso 

(1) XT-VfS 1 1 (B$F^t 20 ~t 21 ) 

l «, ««Wt^ v * 3 ©7/- KfH 
^\7j<^TO^i:LT^bTi>5o cofc*, «S« 
35fXQ©»ffl (06 (b) ) =Q 0 , HBS^fXQOE* 
A (Q) =Ao , T'feSo 

[00 9 4] Kfk^fX^gP 2 tt, ^ <y ^ 3 

©#V-F§K£M£^k#XtLT{&S&LTV^o d 
OfcfT, K{k**7.P©gil» (06 (c) ) =Po , Mit 
A*XP©E^3A (P) =A„ , T*fe§o 

[0095] nwmmmr^^y ost&mmz o 
-i~2o-4, wt> ftmfcmmv'O) r-a, 

a56&D*4?y7 , l 7tiONT'fet», fttPikOffimZfi-o 
T^5o 4P!»SP5ttOFF-e*5. 
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[0 0 9 6] 3tt* SST (06 

(a) ) =To (ateSJt) T'&So UtfjX^yf-l 4 

ONtttBT&S. 
[009 7] (2) XTy/S 1 2 (B$lit 2 . ~t 

22 ) 

a— tf-^fi % imi^fA^OF Ffc-fs 0 fiJ® 
31 8lts TO®^>XrA©mti&{t£P*1#iirSo *J 
®gl5 1 8cD$iJ®J{Cj:0s TO#X«S&g|> Hi, TOtt*!! 
X* «y ? 3 ©7V- F(IJ^©TO#X ©«&£*? it? 
So £©££> TO#XQ©}7iM (06 (b) ) =0, 10 
TO#XQ©E*lA (Q) =Ao (TO#X©«&mT 
fr&Vtf, flgB£TO#Xtf#£) , T*£S 0 
[009 8] $|0flS 1 8 (DMVnci K> , IWb;tf*«t&a> 
2 MAWI^'y ? 3 ©A V- FflpNffi«*iWb;tf 
XfcLTt&i&LTVSo fc£U C©fc*©»fbtfXP 

oTV&VlKb#Xi:«, TO®feX£>y?3©SISI$ 
Efi!ffl"rSISK:ff5iDiS*ffoTV^4V> 

confess©) iWk^T*So 

{b#X©0tf&fc«k^ «$?KH3 l*©*#tftt*Lfe 

pftfn*3?X)ijatt*wrs«fc5t*s. tarn, 

(DtiiM (06 (c) ) =Po , gHb#XP©E£A 
(P) =Ao , T&So 

[009 9] molit S 5 1' > (^TkBB^ 2 0 30 
-1-2 0-4, fcTF, ^TktfJSv^y) Ttt, ft*P 
a56&tf#y7l 7ttONT**?>, J*SJ7k©»«%ffo 
TVS. A0iJgP5ttOF FT'&S. 

[0 l 0 0] 'twas l 8©ffl»fcJ:?>, TOttHlJX#-y 

fcffiT-TS. ©ST (06 (a) ) =To -To ' T*& 
So tB*lX^<y:M 4 0FF«8T'*5. 
[0 10 1] (3) Xf-y^Sn Wlt 2! ~t 

33 ) 

mn#xm%i& 1 tows** * * 3 ©7/- fw 40 

'MDTOtf X©{&££#lt LT VSo £©££, tow 
XQ©jtf« (06 (b) ) =0, TO#XQ©E;>JA 

(q) =Ao oijm^o«i&ttff*?&v^^ ftmcm 

#XK@&LTfc&V„ *©*^ SK^WlPLhrSo 
[0 10 2] tW&l 8©W»»C«fc»)x H{t^7.«$&a5 
2 tt, TO«H&X* -y * 3 <DJjV— KlMOfim^^O 

«is*ff±-rs. <:©*:#, ansft#xp©«ui (0 

4 (c) ) =0, »{b5f*P©E*A (P) =Ao ca 
ffc#*©0«&tt?Tfc&Vtf, F*)glHcl?{b#X##fiE) , 50 
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T'feSo 

[0103] «ap*oif»r*7-i'y (<^ai7j<iHW2 0 
-i~2o-4, nmrnrn^-^ » t*«, ?s£p 

»6Rtf*>yi 7H\ TO«?feX2>y*3©fiStfg 
ate4t>feH, OFFi:*So inl»»5ttOFFT* 

So 

[0 10 4] TO«*t!3X*-y*3ti, Htt£#ltLTV 
So JBfiTtt^KfiTU SST (06 (a) ) =T 
0 ' -0 OUts SST&Rj) TfeSo W^X^yf-l 
4 Its OF F#I§T&S 0 

[0 10 5] (4) Xv-yfS 1 4 (Bf H t 23 ~t 
2 < ) 

8 tt, «lj|»4^atMIMi#7OMIPK:J:0. TO** 

x&m® 1 ^6iras%ff oTv&v«m^Q«««« 

ifi;**'y*3©7y-Fflp\#*&'fS. *©!& MM 

its '&*icmixi-$-&s mmmcQ 0 t-rs. *fc, md 

»18MU ^©E^^m^OffiA, fc&SckMcTOtf 
X^S5i*$iJfflI-rSo ^©E*>Ai *y-F«© 
E2j (A (P) =Ao ) tU:©ffli:-rscfc*WSL 

v 0 ^ntcckt), to^x*©**^ ^bfc«»H 

JI3 lfp&*V-Fffl!P\jljiL^<fcSo CCT\ E7^J 
A, ©±ISfi, 7y-FHJ<DE^i:*y-FffliJ©E^i: 
©Mt«fct>, ttft?S!i3 l«lLft^l*0E*T^ 
•3, JE&A. OTPS«> *y-Ffi!l©7k^7y-Ffi!l 

-fftftliuMRVlmm* ft Stable^ SSSSiS 

nSo zk«©*y-Ffli^©*!;»t«k»), ^1330 
WWWiTKfbKJS^IS^-r S o *©K«J»K: <fe D TO 
»ta-b;1/3 0*J»p^-r.S<ii:^tH*So IMbSlS 

©»K^a-r*zk»c J; 0 x «$«§? 3 1 ^ipg-rs c t 

^m*S 0 c©i:$, miTOAXQ©«t» (06 

(b) ) =0~Qo s TO^XQ©E*A (Q) =Ao 
-Ai , T'feSo 

[0106] ffl&iffi 1 8 mi m<tti7.tiLm%Mt?9 

& VlKbtfX P *TO*?ffiX ^ -y 7 3 © A y- F«^« 

^•rso ^©i^> ffisu. ^^fcitip^-a-, a^wtp 
0 tcfSo .c©tir, »fb^xp©8fai (06 (c) ) 

= 0~Po % S?{b*"XP©E*A (P) =Ao , U$> 

So 

[0107] tmm\ sits #yf\ ittwfmnt 
*t, »ai*tf«i5f >fc?&ai**s#WK»fli«-&Tv^ 
So tit. wvwi sits ftp^a>5^0N{cL, 
^ipfj-rso tmsnrcftmms ftmrnm^'Cy* 

[0108] TO*rfix^<y^3«> ipj»*nfc»»* 
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7m<o£jm3 3±-?<DM<kE.j&z&VT, #4 tarn 

Sft-CV*. S£T(4, (R. T. ) fr&ffvSfcift 
<ftoTV5 (06 (a) ) o mtl^y^-l 4(4, 0 
F FtfSiT'feSo 

[0 10 9] (5)Xf7/S15 «rit 2 , ~t 

25 ) 

XQ«Bfi«l!lX*y^3©7 , y--F«IN*»Qo 
t&LTlr>*. C©£:£> «5jB#XQ©»« (06 10 
(b) ) =Qo , «&B#XQ©E£A (Q) =Ai , T* 

[oiio] mm»i Ba. uvkiszimMtobs £ 
%m\cmvs* p zmnmm* * ^ 3 ©* y- fhk 

?55»Po T^LT^S. C©££, |g 1 K{fc;tfX P© 
%ft (04 (c) ) =Po , KfbtoPOEErtA (P) 
= Ao , T&So 

[oiii] swan 8(4, #v?\ ntfenmnz 

s» Sfc, Jn^gP5T*(4, ftai*©4nlft%fToTv^o 20 

[0 112] «8«ftX*«y*3©7/-F«lfc:fcJU $ 

*y-HWctt, »b^p*«flaft*ti«. sft#*p 

14, S«W3 3©«ttlttl'^l , r*. ^UT, £5013 3 

©«i*»±fc*j^-i\ mmszQ {7m) tmitjsxp 

JS&JSHjfcLT©* (£$7.k) £W£M2tiZo 30 

*ftfcHB*te, &a*KJ:0, «B?ftSi3 l 
*iSJSiiniirrscfcjWli*5o «ffllt 2 < ~t 25 (4, 

[0 1 13] $£W?fiX*-y*3(4, inJiaSft;fc?&3P* 

l/>S c SgT(4, Sfi (R. T. ) ^6»^tifiS<ft 

SESATo fcifif*< (06 (a) ) „ HttW* 
f-1 4(4, OFF«B?*«. 

[0 114] (6) Xf-yfS 1 6 (Bfigtzs ~t 40 

26 ) 

fflftSl 8(4, TO^y^fcttOttttfcaUfrfcy-*- 

*i/r, iiim^«Uftffi««npUT. 7y-KW©« 

£tfjXQ©E*£Ao {cH-fo ilCfcf, (88^Q© 
HA (06 (b) ) =Qo , *®B#XQ©E*JA (Q) 
= A i ~Ao , "Zr&So 

[0 115] MfPtfi 8tt, &lWti£X7MMKWt9 
©MWfcJ:!), IMt3?^«l6»2^6, Sffc#*P*« 
WWftX^v * 3 ©# y- FUJNlM P o LTV - * 50 
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So COil S&ffc#XP©iffi* (06 (c) ) = 
Po , &{b#XP©E;7jA (P) =Ao , T'feSo 
[0 1 16] somas l 8(4, #y7i 7*J6JIHHES 

So 

[01 17] «8S«ftX jry*30*y- KfTCOHfc 

*«»4iii»"r*cfc««(B3iE, i^b#(c, mmnm izw. 
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[06] ^«^~>XxA<D®»)^©ffi£D»lft^T^ 
[0 7] (a) (b) *|^©«m*»S'*xi»©e» 
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